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ROOT CORTEX SPECIFIC GENE PROMOTER 

This invention was made with government support 
under Grant No. MCB- 9206506 from the National Science 
Foundation. The government may have certain rights to 
this invention. 

5 Field of the Invention 

This invention relates to tissue -specific gene 
promoters, and particularly relates to a promoter which 
is active in the root cortex of plants. 

Background of the Invention 

10 A promoter is a DNA sequence which flanks a 

transcribed gene, and to which RNA polymerase must bind 
if it is to transcribe the flanking gene into messenger 
RNA. A promoter may consist of a number of different 
regulatory elements which affect a structural gene 
15 operationally associated with the promoter in different 
' - ways. For- ^example r~ a ~ regulatory" g&n^~^y-wttii3[hce'or' 
repress exprtf&siori^o^ ; a»V' as'soci^ted r ^structural gene, 
subject th£t r _g^ne, to., development al^ regulation or 
contribute to the tissue-specific regulsltiBh* of Chat 
20 gene. Modifications to promotfe-rs can make possibles; 
optional patterns of gene expression, using recombinant 
DNA procedures. See, e.gr., "Old and Primrose, Principles 
of Gene Manipulation (4th Ed. v 1989). " A ; ; 

One example of a plant promoter is the promoter! 
25 found flanking the gene- for the small subunit ribulpse^ 
1 , 5-bisphosphate carboxylase in Petunia. See U.S. Patent 
No. 4, .962, 028. Another example^ is the promotet^whicH 
comprises the 5' flanking region- of the wheat Em- gfeneT. ; 
See EP0 Appln. No. 335528:*. Still another example isj th* 
30 stress -inducible regulatory -"element disclosed EPO 
Appln. No, 0 330 479.' * ..v 
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Despite their .important role in plant 
development , relatively little work has been done on the 
regulation of gene expression in roots. In part the 
' deficiency.' results,, from, a paucity of ... readily 
5 identifiable^ rpoj r specif ic biochemical functions whose 
. genes _raay . be^ easily. ^cloned and, -studied. Evans et al . , 
. Mol. . Gen. Gfnet. . „ 2JA,.. . _JL53.-1S7 , (1988) , • tried 
unsuccessfully to ^isolate, root-specific : cDNA clones- from 
pea, concluding,, that . rqQt- specific mRNA. species . (if 
10 present) are only present at a very low level of 
abundance in the, jrqot mRJJA .population. Fuller et al.%- 
Prop. #at2 v Ac^dV^Scil, VSA BO^ .2594-2598 (1983), have 
cloned and^charact^rized a number.of root no4ul£ r specif ic 
genes [I Comparisons of ,the DNA r sequences 5' o.£ the 
15 initiation _ of transcription reveal t ^. repeated 
' octanucleotide present # in. t^e tlpree ./genes. , examined*. P 

^^Unfor.tunately, ...thg r . r l,ack , % ■. .o.f efficient 

tr^fomation/r^eneration systems f op.mos.t ,.L,egr«5Uiiaceae 
has haraperQd the functional _ analysis of , such, cis-acting 
2 0 . s equence s . , Bogus z # e t al . / . Nature. 3 3 1 , .... 1 7.8 - 1 8 0 ( 1 9.8 8 ) , 
^ isolat;ed_£. haemoglobin ^gene ^ expressed . specifically in 
• roots of non-nodulating^plants by„ its. homology with the 
_ . haemoglobin gene of _ closely- related,, nqdu^ating .species. 
Keller and Lamb, Genes & Dey.^ 3 , -1639-1646- , (1989) , 
25 isolated a gene encoding a cell wall. Jiydroxyproline rich 
-j - 3}y?9V?°P eLxx expressed^ during^lateral . root initiation . 
Lerner and Raikhel., I?2ant ^hysiol-^,91,. .124-129 (1989), 
recently reported the c^pning and ^characterization of a 
barley root -specific lectin^ . . ^ ■ - 
3 P. , . Many, plant .pathogens and p^sts . damage plant 

. roots , ^causing serious , crop .damage and loss . - . The root 
tissue, most of ten damaged is the -root, .cortex, a-, layer 
composed, primarily of storage parenchyma which, under lies 
_ itj the ^epidermis .layer.,and surrounds .the central vascular 
3S , cylinder .of. .the . root . The root . cortex may additionally 
contain schlerenchyma, secretory cells, resin ducts and 
other structures and cells types. The cells of the root 
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cortex exhibit'*"" morphological "and "developmental 
similarities with cortical "cells' of the "aerial* shoot 

To "* impart useTEtiT traits * to plants'* by the 
- expression of "foreign" genes " using "genetic "engineering 
5 techniques*, ~ a - variety"bf tissue -specif ic 'promoters "will 
be required ""to "allow' rie~w~ " "traits" * to ~be expressed 
selectively in v the' *apprbptiate* " £Iaiit tissues . * ~ ~ The 
v -~ present- * invention ,J ~ r is J ** baVecT " upon bur" " "cont xnuing 
investigations in~conhfe£tibh^wit&'*this p'rbBlenu 

- .a , . - The" present * invention xs based on the 
" " : iciefct xl&c^iotf of ~ the c 'tobacco" TOS? ^1 TobRD2*| ^ promoter , 

~ " which directs- root' " cortex specxfxc " expression * of 
associated genes'. "X*" first" aspect of the "present 
IS** : inVehti<ftl*T£r ah^ isolated DNA molecule wfiich directs* root 

_ , . - _ - . - ~> - * - -» • r ■ ^ - / ^ * J 

- - cortex* specific " trknscrxption ' r>f ~ a downstream 
~ "~ hetfert>l&fcj6us'* DNAf segment In "a "plant cell, the isolated 
~ : - ~ J DNA 'mbl^cfule "having *a A sequence " selected f rom*"" the " group 
x 1 " consisting of (a)" SEQ' ld'NOsli-5 provided herein,' and" (b) 

20 "DNA Sequ^it^s^wMth^ybrf^ SEQ" ID" NOS : 1 - 9 

under strthgetit~"Cbndxtxohs f "arid 'wfiicfi direct root" cortex 
■ ' specif ib*~trailgcriptxdn^6f "a J downstream heterologous'' DNA 

segment in * a plant cell'. 
- s "^^ a fiii*ttte'2r a^pfect bf" the present invention Ts an 

25 expression cassette cfomprlslhg" a Tobacco promoter and 
a heterolo"goiW 3 "DNA^se^ent^^ from, 
and operati-v^t^ a'sffbt^.a^ted' Wlthr* the promoter T 

A further aspect? ~o:f the present invention is an 
expression" cassette compirisirtg a "'root cortex specific 
3 0 promote r : and a 'heterologous' DNk "segment, the se'querice of 
the root ^cortex -specific prdmbter selected from" SEQ ID 
'* - -NGS:l-9 : provided* herein, and ' DNA J sequences - which 
-hybridize 'to ^any of" SEQ^ XD 'NOS: 1-9 under " ""stringent 
cohditxbns, acnd^ "which directs - * root" *cc5rte"3d* Specific" 
35 transcription. — ' * _ - 
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. . Further aspects of the present, invention are 
plant ceils containing the above . described expression 
cassettes, methods of making transformed plants from such 
plant cells, .and the transformed. plants comprising such- 
5 transformed plant r cells_. .... ^ . _ 

. . Brief Description, of the Drawings . 

Figure 1A shows in. situ localization of Tobacco 
RD2 transcripts , in. a transverse section of tobacco root 
from a seven ^ day _ol<3.- needling. , 3 . , ' • 

10 Figure IB shows in si tu localization of Tobacco 

RD2 transcripts in a lpngituplinal section of tobacco root 
from a seven day, _oJLd seedling.. , - 

_ _ Figure 2 is a t 2010 base. pai^*. sequence . (SEQ ID 
~ ' NO:lPof the 5,' region of TobRD2 . . „ x 
15 * Figure 3 is a schematic showing _,the TobRD2 

promoter/ glucurodinase , (GUS ) constructs, used to test the 
ability of + the ..RD2. promot e_r . .to direct . xoot . - cortex 

specif ic gene expression ...... t - _ . .. 

Figure 4 is a bar graph, suroo&rizing 
2 0 glucurodinase (GUS) activity in roots (solid bars) , 
leaves (stippled bars) and stems , (dotted bars) of plants 
t rans formed with chimeric reporter, gene constructs, as 
provided in Table l v The^graph .shows_activity among 
plants transformed .with ^ gene constructs . . utilizing 
25 di f f erept promoters ( CaMV3 5 S ; . a 2 . 0 (U ^1*50; a 1 . 4 0 ; * 1 . 2 5-; 
aO.80; a0.70; aO.60; a0.30) and utilizing the vector 
pBHOl.3 alone as a_control, - GUS activity was measured 
in pmolMU/jug protein/min v . , . 

. • Figure , 5A is a bar - .graph ~ .summarizing the 

30, relative 0 -glucurodinase , {GUS) activity in roots and 
..... leaves of tobacco plants transformed - with - chimeric 
r reporter gene^ constructs . using- different- promoters 
ApaV^SSj a2 : 00; „ A1.5Q; . Al.40; A.1.2S;- a(>.80;, a0.70; 
^ AJp . £0.;, a.O . 3 01. ^d utilizing the vector. pBIlO-1 . 3 alone as 
35., a. , contrQl f . ..as provided in Table _1. GUS = activity was 
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measured in pmolMU//i"g protein/min, and the relative 
activity shown is root 'activity /leaf activity. 

figure SB" is" a bar graph'"" summarizing 'the 
relative 0- glucuronidase- (GOsV sL<:tivifcy ^iri roots* and 
5 stems of plants transformed With" dhilfieric reporter 'gene 
constructs using different promoters (CaMV35S; a2.00; 
a 1 . SO ; a b ; a 1 v£ 5 ; - r io'i 80 r^SVVey t; oT-6 0 ; a 0 . 3 0 ) and 
"utilizing the z vector "pfilioi f :3 J alone ' aTsR'a control, as 
-" provided £nr Table^ -1 r y -"C3US 3 activity measured" in 
10 pmolMU//ig protein/min, aftdf xl$S *4litive~ J Wtlvlty shown is 

- — root activity^ tern activity. ~ ' ' JA ' s - £--* 

"Figure* «A ~ is a" " photomicrograph" " snowing the 
histochemical localization*^* '"6f * ilftJS 1 ^ activity in* a 
transverse 1 " seeti6n"^'of 'root" 'from V'Vobacco plant 
15 transformed with a reporter gene Tt&S) driven by the "a 2.0 
promoter.-* x. . .. - 

~ ^ J £±lrtf :cr fe " 6B rf ' h~ "photomxcrdgf apri' v showing" the 
histochemic*^]:"^-dfcal^zatidri :r o'f GUS" activity in a^ foot tip 
from a tobacco plant transf ormecf "wftfh a*~repofter gene 
20 (GUSy- driven by ri ihS A2fd" ^romotisr. 

" v ~ ^t^i^d^DesV^ip^fdn of 't-ke >C fnvention " 

Nucleotide' "sequences n are presented* "herein by 

- " single strancf bniy, *"ffi "the 5** to* 3 ' direction^* from* left 
" to "right . Nucleotides' ;: are * represented 4 herein - " in ' the 

2S : ^ manner -recommended *hy " th^" IUPAC-1UB - fiiocfiemical" 
Nomenclature" Commissiori, ' ' " 0 * : ' ~" 

Transgenic "plants" " 'expressing peptides ~ that 
inhibit or kill a particular "pest" c5r "pathogen ' provide a 
-method for decreasing "crop damage *ahd T-b'^sY For example, 

3 0 expression of r 'the Bacillus' thurift&leris'ls protein' in 
transgenic corrf "provides resi*stance^ to the European" corn 
bore. However, transgene expression in all tiksiies" 6f a 
plant (constitutive expression) 1 is disadvantageous "as it 
can expose non -target brganisms to" the" 'transgenic protein 

35 and in addition increases the selective pressure" for ' tlfe*' 
development of pathogens and pests which are resistant to 
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the transgenic protein. High... levels of transgene 
expression throughout a plant may also negatively affect 
. >9? owth .yield of . the plant v An alternative strategy 
7 is to express a .toxic peptide, only in the .organ or- tissue 
5 affected by a particular- pest ,.or. pathogen. 
Implementation , pf ..this _ strategy - .against pests and 
pathogeny that attack^ plant roots .lias been- hampered by 
the lack .of characteirized jroot- specif ic promoters.*. - 
. .... , . . , Transcription^ of .a ,.gene. is ; initiated when a 
10 stable coTqp.lex-.i3 .fprmed. between RNA polymerase^ enzyme 
, and, a gene grpmo.ter.. t Promoters occur, at the- beginning of 
a11 . transcription, ujiits., are typically, .about, 10 -base 
pairs in length, and . are located immediately, upstream 
- „ fr ? m .^ he start, site of transcription. See .e. Maniatis 
15 „ _ et a'i. L '^Science 236 : 123.8 (1987)_ v Promoters -vary-in their 
'strength', that .is, in . their_ abilify^ to accurately and 
e ificientlx initiate transcription. t The. RNA polymerase 
holoenzym^ is thought to cpver a ^region pj^^bout 5 a bases 
immediately upstream of the transcribed region.. .In ~ some 
2 0 causes , the. jstrengtji . of . ^transcription initiation may be 
■ en ^3^ c ^ ci by :^ uxiliar y pro teips, that : ^ bind ^adjacent to the 
; region. o£ _the promoter yhich - is ^ immediately -upstream . from 
^ . the transcribed. ^A.. s See, e,.g.^ Singer & Berg, Genes and 
Genomes, 140-145, University Science Books, Mill Valley, 
25^ ,CA .(19.91) ... . _ 

*• c - - z ~> s P eci ^!F examples . of. . root, cortex specific 

^ promoters of the. present . invention,, are DNA- molecules 
, .which have a sequence corresponding. to- : any one of those 
^bown. in SEQ ID NO§ : ,.,1- 9 , all of which are discussed in 
30 9T^e^ter detail below. . It will - be apparent that other 
sequence fragments, from the. Tobacco - RD2 5' ^flanking 
, ^ e ^ion/ longer or shprter -than the- foregoing sequences, 
,s : or with .minor -additions, deletions or substitutions, made 
: ; t ^?? t ?/^ can : b ? prepared -which will also.carry the.TobRD2 
35 v?.9 ot - cc ? rt ^ x s Pepific promoter, ; all, of which -are included 
v - . within the present ~ invention.; ~ r A : further, aspect of the 
^ .present invention, includes promoters isolated from other 
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tobacco genes, or from plants other than tobacco as set 
forth below; which are homologous" "to ' the "tobacco RD2 
promoter - and" are - ' "capable of directing " foot co3rtex 
specific transcript iorr of a downstream heterologous* DNA 
5 segment in a plant- cell". * " ^ ^_ ^ 

As -iised herein, ' a TObRD2 * §>romoi:e^ refers to a 
DNA- molecule having^ * a r: '"s^qu¥iiai* 0 identical ~ ' to^ or 
substantially homologous ror~a ccMiiliubus ^segment of the 
DNA found* 5 J ' to the transcribed' regI6fi" of "the tobacco RD2 
r 0 " gene:- r SEQ-'ID-NO':l given" -"herein' provlde"S ~t £ h , e' sequence of 
i- 'the" 2 : Tcb : region- found immediately S** to the Initiktibn of 
* - 'transcf £t>t* £on ' in 'the TobRDf r gene : ! J A * TbE>KtT2" promoters 
include 1 th4 : "at r leail r the lib Debase pair region,^ the 150 
base tfaiV Predion of J prefetably^ the" 2%0" kase pair region 
15 immediately" '5''"" to the TobRtf2 transcribed ^region, and 
1 directr ro-ot cortex "Specif ic" expression'.* £s*\i#e# herein, 
7 -regions thkr 'are ' substantially hoiric51og6us'*"are at least 
75% } and : ftore : p*e£eri£biy kW BC&T^TsI*, ^OV^br^ even 95% 
; * ■ - -homologous-.* 

20 "* - - - -As used herein, ^sTt'oot'- cortex '-specific promoter 

is a promoter^* that" preferentially^ of 
an *oper«£t iVely f associated^ in" r&ot - cortex 3 tissue f as 

compared* to expr^ssicm =ih leaf or "steVti^", or "other 
tissues of 'irtie'root V * """" ' *' ' " J 
25 Root cortex specific promoter sequences from 

other plants iite'luder '-those -which are" "at least about 75 
percent homoldsgbus--^ or 
even 95* ' hfembldgotis : > "to" r the ■ approximately * 100' base 
segment' o£ -the- Tobacco *D2 promoter 1 immediately" upstream 
30- of the trahscribeS-DNA region, knd r which are capable of 
directing : : root tzbitex "specific : transcription of a 
downstream - heterologous^ *DNft : segment in a" plant 1 cell . 
Root cortex specific promoters' from othei plaiiua iiiolude 
*. -those -which- are ; at : least about- 75 percent homoioifOus (and 
35 more preferably- 80%-^ 85% , 9*0% or~even'95% homologous) to 
the continuous- port-ions of- the'?6bRD2 promoter as defined 
herein -'by - SEQ ID * NO'S : - 1-5/ and" which' are -'capable of 
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directing root cortex specific transcription of a 
downstream heterologous DNA segment in a plant cell. 

High stringency, hybridization conditions which 
Vfill permit hpmplqgqus _ DNA sequences to hybridize to a 
5 DNA sequence a$ jgriven herein, are, well known— in the art . 
For example., , hybridization _ of ? ..such sequences - to DNA 
_ ._disclbse<| herein pay be. . carried ;: out in 25% formamide, 5X 
~ SSC/ 5X Den^ardt^s„ solution, with 100 ./ig/nuk ,of : -single 
stranded DNA^ an5i^5%. dextran sulf ate at 42°C / - rwith. wash 
10 conditions^ of 25^ r fprmamide /r 5X V SSC, .0.1% SDS. at. 42 °G for* 
15 minutes,. t t o ,allQw hybridization ; of , sequences of - about 
60% homology. ^ More t stringent conditions are ^represented 
by a wash stringency p r f 0.3M.NaCl, 0..Q3 .M .sodium citrate, 
SDS at, 60° or even 70°C using,, a standard in situ 
15 " hybridisation assay. _ „ (See ,Sambrook .et al.. Molecular 
c ^°? i ^ q ' ... A Laboratory Manual ^ C?d Ed ... . 19 8 a) r ( Cold Spring 
Harbor Laboratory)). in general, plants -DNA sequences 
_ whi ? h f<? r - ^opt. cortex.. specific .-promoters and which 

. hybridize., to thp. CNA.. sequence ^encoding. -th% tobacco RD2 
20 root , cortex^ specific ^promoters disclpsed : herein will be; 
at least. 75%, .80%, 85*, ,30% ..or even : 9S% homologous or 

- more with : the sequences of. the r DNA >encoc|ing.:,the ^tobacco 
RD2 root cortex specific promoters^ disclosed herein^ 

) ^ , . Root, cortex specific promoters of the -present 
25 invention .a?re^ useful^ in directing tissue specific 
expression of ,transgenes, ? in ..transf orped-- plants^, Such 

- ... ^ is T su -f "^P^ c Af ip. trarisgene. .expression —is useful in 

providing, resistance, against, .damage ^caused iy pests and 
pathogens, which attack pi ant... root s . r Jn addition, as the 
30 ; root cortex 4s. a . -jmajqr sink . organ . for- phot osynthate 
. storage, expression of transgenes designed to .alter., the 
_ stored carbohydrates, may be -directed by_ such promoters. 
^. . Exogenous genes .of . particular, interest : - for root-cortex 
_ specif iq^expression include those that -code for proteins 
35^ that Jpind^ heavy ., metals , : (su,ch as. ; metallothionein) ; 
. proteins that give resistance, to soil bqjme pests - and 
pathogens ; proteins that, confer resistance to heat, salt 
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( salinity) and drought;' proteins for desalinization; and 
proteins that metabolite "plant storage compounds into 
alternative preferred"' products* or forms'."- 

Tissue spe'cifi'c promoters tftay also be used to 
5 convert pro-pesticides 1 to^active tdrtets in lilected tissue 
sites.- i-'Hstf'et- al . : Pestic. r "SciV/^V, 1 9'" (1535 V report the 
use ot " a* chimeric 1 -" -gene "bo^p rls'iitg "the ' root-specific 
r. -promoter- TbbRB7 and-the /S-glixcniroriidase^ enzyme "gene , to 
-^preferentially oohvert' a pro^peVticl<fe :: to'"ari active form 
10c : ih~ root* - ^The inactive : pro-pesticicfe J \aT %fufcii'ronide of 

- - -z hydroxyme^hyl-biamylT - was^'appl i£d Co "tdl iige v ^nd 'was then 

- ^tran^Orrted^ through plant : -phlt>em~ tV*^6otisv where was 
■ c6n\ter£ed~ to an-activH-neWtocidal f drm by' glucuronidase . 

• - Additionally, ' rbbt -cortex specific promoters 

ISA are - useful" fbr "histblbgidSl purposes', /to ' identify or 
: 7- stain rocte-'CorteixHis'Sue-^s^ £- 
'■- - 1 glucurod'iiiasev" * -"■ f ^^ ■ ■» t\ r - - ~ •■-.?.-=,.. 

- - v - --^fheP" term : "opferatively '^isbci^teaf;^"' as used 
" —ihetexn-? -reSer^to BM- WqueheeV cdritaf^ed within 1 a "single 

20 D^*™ol%c^ associated ^se^t^^^ of 

ofce" is "affected ~ J bf the ? other." : Thus/ I promoter" is 
operatively r associated "Wirtlr 'k V^n^'v^ia it""is "dapabTe of 
affecting' the- V5cpressidrl' :: of ' l that "cj£nl ii.e. ; fife gene is 

- - under : ^the -trtoscrfptioriai* contlroi ' of' the pr'omoter) . The 
25 promoted is said : tcr be 1 -" upstream " ~f~ torn the^genef "which is 

in turn '-said* to : be' : 11 downstream" ' from ""the promoter. 

- " :> DNA construct^, OiT "egression cVs'settes of 
-■-"the present indent xon ancrlu^eV 5 '"-3 r ii'the direction of 
transcript-ion, —a prombter" of q €h£~ present 'indention; a 
30 heterologous : BNA"g€^gment operative ly associated' with the*" 
- - promoter/ - and, 1 ' 'optionally," transcriptional " " ' "and 
translaLti©nalVterTrt£hation -regions sudtt *as a" ^termination 
' signal- ^arid a p^lyadenylaTri on' region. All of these 
regulatory regions 'should be capable of 'operatfiTg irr" the 
35 transformed^ -ceirs. - The 3 r termination regidn Tnky hi' 
' derived from the -same' gene 1 as 'the transcriptional 
initiation region or : fi*6m a- different gene . ; : ' ~ : 
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Plants may be divided into those lacking 
chlorophyll * (such as fungi) , and „ those ^containing 
chlorophyll (such a.s green., algae , mosses); and further 
divided into those . containing chlorophyll and . having 
5 vascular tissue , ..( such as , f erns , gymnosperms , conif era, 
monocpts^ , and _dicots) . . T;he latter .group of plants 
includes those in which roots, r stems and leaves , may be 
present As used herein, the tejrm ; plant', encompasses 
all such. organisms described above. As used herein, the 
10, term /natural, plant DNA' means, DN^ , isolated ..from, nonr 
genetically _ . altered, or, untransf priced, . plants., (for 
^ example,, plant varieties which are. produced by se.leptive 
breeding) 

As used herein, the term heterologous gene or 
15 heterologous .DNA segment means a. gene_ (or. DNA segment) 
which is. used to transf orm a cell by„genetic engineering 
technique? and _which niay np£ v Qcqur naturally in the 
cell,. ; Structural genes are those ^pprti.oji^ .of .genes which 
comprise a DNA segment coding f or r £. prpjt_ein, r pplypsptide, 

2 0 or portion thereof , possibly including a ribosome binding 

site ajid/or a translational, start cpdpn^.but lacking a 
. prompter., ^ The term can , also \ refer _ to . copies, of a 
structural t gene naturally., found . within . a ..cell but 
artificially introduced. .Structural genets may encode a 
25 protein not_ nqnpally . found in the. plant cell , in which the 
.gene is ;Lntrpduced or. in cpmbin^tion with the promoter to 
_ . which it. is operationally associated.-, Genes which may be 
operationally associated with, a promoter, of the present 

3 . invention for expression , in a, p^ant species may be 
3 0 derived .from a chromosomal gene, cDNA,_a .synthetic .gene, 

or. combinations z thereof. . As .used therein, - the term 
heterologous DNA segment also includes DNA r segments 
_ ^coding for non-protein, products, such as ribozymes or 
„-„ . ant i- sense BNAs . Ant i sense. JRNAs ( . are .well known (see, 
i5 ( j e^g./ US Patenjt No. 4 , 801, 54£L (Calgene , Inc.)). . 

... . Genes, .of .interest .for, .use with the present 
.... invention,, in plants . include,. . those affecting a wide 
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variety of phenotypic and non-phenotypic properties . 
Among the phenotypic properties are' proteins; such as 
enzymes , which provide " * -resistance ' to j . various 
environmental stresses^ including " but hot" ll«i>.etf to 
stress caused h T ' : dehydration " (resulting from heat, 
salinity r or 'dro"u%hr)- fie?bicides/, "toxic; metals ^ trace 
elements,- "pest% ahd r patno§eiis : Resistance; may be due to 
a change in the r - target Site, enhancement the amount of 
a target protein in ? 'tW ho^st- ceil , -i_ricreased;amounts of . 
one - -or wore -enzymes^ involved with the ; bloaynthatic 
■ pathway 6f a p^duct VKich P^tec%Wl^^ 
stress ^'an^the like .' -"ffeructuVaT genes' may be ^dbtaxned 
from prokaryotes or eukaryotes, bacteria ^fungl, (e.g., 
from ^SaWt : ; virusesr pfants/' and mammals) ^or_ may. be 
15 synthesized^ xn^ "whole, *o¥; iVpart* ' 77\^V"=^^ 



r e" s~ a. s t a n t 



: B-enolpy^lpho^hosh^ina^ S^**^^^^?};?** > 
' gerieV fa t*e r'fr&to* ^d;giutaanihe ^synthe tic pathway, 



20 



-and •Wt^ltot^otteirfs . 

-^rifceurh^eneV 'o^ively associated with 

the promoter^ W present' 'lAveht ion may be JfiosV which 

cod* for a protein 'toxic' to > S ects, such as^a ISacxllus 



25 



30 



35 



thurxngien^ Crystal ^^pro£eiii toxic to insects . ^ DNA 
sequence fencoding^ ' s: r ' thUrin^iensis toxin toxic to 
coleoptera, ^variations 6f t^rs 'sequence wherexn; the 
^coded^for toxicity- is" retained; is 'disclose* in /U.S. 
Patent No .^4 , 8 i:f,33l ^ ( see; alsd; tJ". 3. . -****«r Nos . 
; 4 918,006 ana- T 4;sri-D f 13ffO (the J disclosures of all U.S. 
Patent ref€renee S : - citea" herein ? are' to be incorporated 
herein' in their N^tirety by reference) .' A gene sequence 
from B . 'tiiuringienBis^which Anders plant" species toxic 
to Lepidoptera is ^discloseH 1* PCT Application WO 
90/02804, -> PCT' Application - Wo"= ' ^ -^seioses 

transgenic plants trans* ormed - with a Victor - "Which 
promotes the expression' "of a B. thurxfagi«f#i« crystal 
protein, the sequence "of =which may "be employed m 
connection with the present invention. PCT Application 
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WO 90/06999 discloses DNA encoding a B. thuringiensis 
crystal ^ .protein . toxin . active against Lepidoptera . 
Another . gene . ^sequence encoding an . insect i-cidal crystal 
protein . is . disclosed,., in U.S.. . .Patent No. 4,918,006. 
5. Exemplary o| gen% -sequences encoding other insect toxins 
^ : 9«rie ; sequences encoding a chitinase-- (e.g. w - EC- 

. .3 - 2 • \ : }fX / w a,s- disclosed in U...S.,- Patent- No. . -4 , : 94£, 840 and 
PCT Appln.. No, WO 9p/07001 ; . A gene coding for a 
nematode -d.i^ducibie : .pore . -protein useful^ in;., producing 
10 transgenic r pl^nts, resistant to root nematodes, is 
. disclosed in r , Patent Application- No; 0&/-o.p7-,;998 . 

Strains^^gf ; B._ thuringiensis. which produce - -polypeptide 
toxins active against nematodes, are, disclosed in : U.S. 
_ , Patents Np^ 4 , ?48 7 734 , ajad 5 ,.093 , 120. (Edwards : et -al . ) . 

iS. / , • _ Where the expression product, of : the gene.is to 

r r ,l°cated in a _ .cell.ular cotr^artment ^ .other . : than the 
^cytoplasi^, , the. structural gene. jmay : J3e_ constructed to 
include jregionp, whiph : code for particular- amino acid 
sequences which result : An : translocation- A qf Jihe produQt to 
20 a particular site, ^ch as the cell.- plasma : membrane, or 
^ secr^ion into ^t he. periplasm! c ; space or into the external 
environment of . , . the c^H. Various secretory leaders , 
, membrane _ integration . sequences, ^nd : - translocation 
sequences for directing the peptide expression product to 
25 a particular site are described in the literature.. See, 
...... example,, ...Cashmore et -~al,, -Bio technology (1985) 

- ^ : f:?" 80 -' — ™ ick ^ er =, . ."V* * Lodi& k' : . Science -,(1985) 
2301400-407.*, ... * , 

. - T^e expression, cassette may be provided in a 

3 °;. DNA / construct which .also, has at, -least one. replication 
r system. Fpr - convenience,^ it is common to have a 
: ;/ replication system functional . An Escherichia coli, such 
ir: as ColEl, .pSClOl, pACYC184, ,or the -like.. In this manner, 
: **~r ; each stage after each manipulation, the resulting 
3 A'r;- cpxistruct ma y : be - cloned, . sequenced, and the correctness 
of the manipulation determined. ... In addition, or in place 
of the E. coli replication system, a broad host range 
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replication system ; may be employed, such as the 
: replication systems of ~th£ P-l incompatibility plasmids, 
e.g., pRK^SOr- In addition " to the ' Replication system, 
there may -be "at" 'least - one marked present ; which may be 

5 '. useful -in one or 'mofe-feosts*;"^!^ dif^etrent -markers J for 
individual hosts" fhat -is;- one "marker may "be employed 
f or° selection in~i r prokaryotiC hokt^ VKilV anbther marker 
may fcthpl-oyed -for selection in a 4ukar=yo'tic host, 

particularly the- pEahfc' ^host f - " The : - "rtrarft'^rs may provide 
10 protettiofc ag&inst r a ri bibci&e; §u£h as " Imtibibtics, 

. 3 ^oxiii&, : h&r&vy - mfetaisf K of * * the ' 'like";" £1^ " provide 

— ^oorop lamentation- : by ' fmpa^ting" '"jdrotdtrophy^ lj tb an 
' -auxotfiSptiirc ^ host7 or^msy provi'de 'a" visible phenotype 

through -the production* of- £ ITovel Compound "in the plant. 
15 Exemplary r geiie£ r vhich mar^ Employed "include neomycin 
phbsphofc-fcarrsf eralse {NFTII) , ^ygromycih ^KospEotf ansf erase 
(HFTT?- ■ ^chloramphenicol J ' J "ffeWtyr€taftSf er^ase^ *" "(CAT) , 
^ nitrilase-, 3 ah<3 : <fc~hfe geiftamicin resistance 3 : g^n ! e . ~ For' plant 
: - :ho'£tf ^eieetidny c iioh- limftfng' ettmpfii of s'liitfsble* markers 
2-0 aren TDets-glucuroilidase ~ ' (GUS)" 1 ~ ^providing" * ' indigo 
* product fori) y " -lucite'raW' tproViding ' ' visible 3 ^ light 
" production? 7*~ -MSPTTi- -(providifrt^* kcLnamyein 'resistance or 

- * G41B "resistance) , HPT 71 (providing hygromycin resistance) , 

and ""-the -mutat^dP ^ arbA 'gine "' (providing glyp&bsate 

25 resistahcfe) „~ - - - - - * " ^ ^ 1 

* TKe r - various- fragments* cdrajJrising the various 
3 construct&V -expression cassettes , ' 'markers , 1 and the like 
may be introduced consecutively by restriction ' enzyme 
cleavage of an 1 appropriate" "Vesication system and 

30 insertion of -ttie -particular ' cdnstmct or f ragment into" 
the available site. After ligation ' and* cloning^ the DNA 
construct- may- !be isolated for further manipulation^ All 
n f t-hAAe " te<?h~i~ues 'arc amply - exemplified iif" Lhe 
literature . -See,- -*-e:-g.' , - Maniatis et "'at . , * Molecular 

3 5 Cloning : -A - Laboratbf-v- Manual , Cold Spring * ~* Harbor* 
Laboratory, Cold Spring "Harbdr , N.Y. (1982). 
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A vector is a replicable DNA construct . 
Vectors which may be used to transform plant tissue .with 
DNA constructs of the _ present _ invent ion include both 
" Agrrbbacterium vectors and ballistic vectors , as weir as 
5 vectors' suitably for PNA^mediated transformation.. 
Agrdbacterxum tumefa ci ens , cells, - containing a DNA 
construct of_ the present -invenfcicoi, wherein, .the DNA 
' construct comprises a. Ti plasmid^ are. usefuj. in methods 
of making* transformed. plants, -.Plant cells ; are infected 
10 with* * ' an" Agrrobacterium tumef aciens - to . ; -produce d 

* transformed plant cell, .and then r a plant ds regenerated 
from the transformed plant ,cell.. _ - - ~ ... . > r 

Numerous Agrrobacterium vector systems -useful- in 
carrying^ out^ the present invention, are /known, .For 
15 - ' erample , "Tj 7s: , Patent" No . 4,4*59,355 discloses. a v methpd for. . 
^transforming Vuscpptibie. plants,, including, dic<?ts, K with 
"an Agr^obacteri iiin* strain . containing, jthe Ti placid.- The 
transf ojrmatipn of _ woody plants, with ^ an : L Agrobacterlum 

* Vector " is disclosed, in^ IJ^S.. % .Patent ,No. : , ,4 ,-795;. 855 . 
20 . Further, '"ti. S .~ "Patent No*. 4,940 ,838, t<> : Schiiperoort et t al . " : 

discloses a" 'binary Agrqjbacteriuin^ vector, (i : ..e.-, one in 
/ Which the\Agrojbacterium contains, one ,plasmid haying the 
" vir-' region " of a Ti plasmid..but .no T-E^NA- region; :and a 
~ second' plasmid having a. t T-DNA region but no vir .-.region) 
25 "'useful in carrying out thf present invention. ■ - ■ 

% " \ " ^ Microparticles carrying a DNA construct of .the 
'present invention, which miqroparticle is suitable for 
the ballistic * transforation .. of ,a plants cell, are \also 
useful' for making, transformed plants of the present 
30 ^ inveriti ° n - The micropart^icle is -propelled . into a plant 
' cell to produce a transformed plant cell .and a plant is 
5 e P err ated from the transformed plant rcell . -Any 
suitable ballistic cell transformation methodology <ind 
apparatus" can be iised in practicing: the present 
35 " invention. Exemplary apparatus and - procedures ' are 
.disclosed in Sanf prd and.Wolf , ..U.S . Patent No. 4,945,050, 
5^f n ^^. cet ^ s European Patent Application Publication 
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-No. 0 270 356," titled ■ Pollen-mediated Plant 
Transformation". When 'using ballistic ' transformation 
procedures, the expression cassette may be incorporated 
into a plasmid capable-of replicating in \h4 cell . to be 
5 transformed. Examples of mi crop ; ar tides suitable for use 
in such systems include l to" 5 'gold spheres / T^ie DNA 
construct may be deposited oh" the : mi'cropkrticle "by any 
suitable technique? such as" by preclpVtatTon ." " 
- ' ' -A- -transformed host* cell" '"ii " a%e'll\ which has 

10, been . transformed - 'or ~ " transfecfed : ~"w£th, ^constructs 
• containing • -a * DNA'i sequence" " as ' "disclosed _ herein' using 
recombinant DNA techniques:^ . ^Piin^'^eSles^'may be 
transformed - with- "the * "DNS : 'cbnlstiruct^ ' of" ''the ^ .present 
; invention* by -the DNA- mediatied* "transf oVma^ipji r of .. plant 
15- - cell protoplasts- and subsequeiCt rVgeheration_qf ,tfee pliant 
from- tfie L transformed VrotoplastV * in * ^CTOrda^cir""with 
.procedtfres'-jweil f kno%m ; ii : tne"'ar£t'* -'~ > --* c -- - -• ■ ; 

j :_"The~ promoter c Sequences 'disclose^ 
usedito '-egress -'S^eterolttg-ous* DNJf' 'Ve^ance. in any plant 
species - dapable of 1 ' utilizing the " promoter ( j/ e . , any 
; : plant species - the" IWA J p61y^erUse '" of "which 'binds ' toT'the 
: - promote* sequences disclosed Hereinf:" Examples of plant 
specie*' -suit-a&le' for : ' : transformation /with" '"'the _~ DNA 
:. constructs of the present 'invention "include both monocpts 
25 and dicotsT- and^ include btit are not limited ( to" tobacco, 
.. soybean, p-ofeaeop-cottaDir-, r sugWb^eVv~ '^flower, . carrot, 
celery, c f lax> : c^bage • 'and 1 othif ; cruciferous ~ plants , 
pepper, tomato, -"-citrus trees /"oeSi', strawberry, lettuce, 
maize , alfalfa, -bat; - wheat /"rice , barley, sorghum" and 
3 0 • canola. Thus - an .illustrative ^category "of plants which 
may be transformed with- "the"" DNA constructs "of the 'present 
invention are the' dicots", • and" a more particular category 
. ..of plants which - -may - be s transformed ' using the" 'dna 
constructs, of : the - -present' invention are members of 1 the 
3 5 family Solanacae; - I- c - v -"- - 

Any -plant tissue capable of ' "subsequent" clonal 
propagation , whether, by organogenesis of embfyogenesis , 
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may be transformed with a, vector . of the present 
invention. The term ? organogenesis , " as used- herein, 
means a process by which shoots and. roots are developed 
sequentially \ f rom _meri stenotic centers; the term 
5 "embryogenesis, " as used herein, means a process by which 
" shoots and roots develop together, in .a concerted - fashion 
(not sequentially) , whether, from somatic . cells or 
gametes. " „ The particular, tissue chosen will vary 
depending^ on the . clonal ^propagation . systems, available 

10 for,* and bes^t suited , to* the .particular - species being 
- transformed. ^ Exemplary tissue, targets include 3 ;leaf 
disks, pollen, embryos,,, . cotyledons,,, -hypocotyls, 
megagametophytes , callus , tissue t existing.^ ..meristematic 
tissue (e.g., apical meristems, axillary buds, and root 

15 " meristems) and induced meristem tissue (e...g:. cotyledon 
meristem and hypocotyl meristem) . * p. t ^ . r . . 

- - - - * ifae examples which . follow are . provided-^ to 
-illustrate various specif ic ^embodiments of. r ~th.e pre sent 
invention, and are not to be Qonstrued as. limiting the 

20 invention. \ . ^ . - 

EXAMPLE 1 b 

Isolation of Genomic Root Cortex Specific RD2 Genes 

A tobacco (Nicotania -Xabacum) genomic . library 
of DNA isolated from tobacco seedlings was constructed in 
25 EMBL 3 SP6/T7 lambda vector,. (ClonTech, Palo Alto, CA) . 
TobRD2 cDNA (Conkling et al . , -Plant Phys. 93, 1203 
(1990)) was used" as .a _ probe to. isolate , genomic clones 
containing Tobacco RD2 genes, from the. primary library. 
*A total of 1.2. x 10 7 recombinant phage , were - screened on 
30 K802' bacterial cells. TThe .plaques,. were lifted onto^nylon 
'membranes (Magnagraph) , and. the DNA immobilized * by 
autoclaving (10 „ minutes,. gravity cycle All 
hybridizations were performed, at .65° C in aqueous solution 
\~J5X SSC [750 mM sodium, chloride, - 75 mM. sodium citrate], 
35^ 5X * Denhardt.'s [0.1% each- of ficoll, r, BSA £ 
polyvinylpyrolidone] , 0.5% SDS, 100 mg/ml denatured 
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salmon sperm DNA) C for 16" hours. The filters' were washed 
in 0.2X SSC and 0.1% SDS at 60°C. _ _ w . _ . 

Thirteen genomic clones that hVbridized to the 
TobRD2 cDMA probe wet^ identified by" screening l .2 x 10 7 
5 recombinant "-phagS . ' These clones ^ wejre isolVte^ and 
further : ' : - -character iVed ' " "by q ^restrictibn^ _ mapping. 
Restriction -maps wefe constructed by~t£e ra*p id ^ mapping 
-procedure -of Rachw^tfsr "et afr^Gene'r 30Vi95^ (1??4). , One 
- - Clone ,~ homologous tb 'titer TobRD2 \ cTNA, "was ^se_guenced in . 
ia ♦ its ^ntrfety and its promoter * identified. ^ By^ aligning 
the-TbbkD2 cDKtfTand tfrfe 3 genomic*" clone",' Jthe ^region Qf the 
-geri6mrd : "clone 5'~t6-the translated^ region wjisf identified . 
* ■ The -WquencVof this tihtr^slahed" region was" examin^^pd 
the ' TATAA^'box 6f the putatlve^pr^^^ 
15 fn plant prdmoterV/ ^he TATAa box Is t^ic|lly 3^9^-29 
nucleotides from the^hitia^ 

Using : primer extension ~ e^eriments^ _the 5 end_ of 
: trarisciriptibn was ' identif ieTdV ^ . -cij :■■ 

e :~ — " - '2010 bk's^ f>air J region upstream^ from the. 
20 transcribed region of the TobRD2 cDNA is provided in 
Figure 2 (SEQ ID NO:l) . This sequence includes the 
predicted start of "the" transcription ^ region (at 
nucleotide ■■ 290 0-9^ ~ and*" t he*"" TATAA " I?? ~;t he"' promoter 
^(nucleotides 19^-^75 )V ~ " * ' ^ ^ . 

25 ."*"-■=:--■'-■ --• EXAHPLE 2^ c C c_ : , 

' KttCleifc Acid Sequencing , f ■ r 

" ■'RestHctlbn' fra^eAts"~frbm the* isolated genomic 
clones '{Example ir we£re subcloned into'Eluescript (pBS^KS 
II + or pBS SK IlV; : Stratagene , La JolTa", CA) vectors., 
3 0 Unidirectional -deletion series was obtained for each 
clone arid for both DNA strands by Exonuclease_ III and SI 
-nuclease digestion ftrenifcoft, Gene 26, 351' ji*?4i . ; The 
DNA sequence was determined' fey* dideb^ 

method (Sanger- et al/ f ' Pzhti: Natl. Acad. $cl.^USA;^74 r ^ 
35 5463 (1977)) using 7 " the enzyme Sequenase „(U.S. 
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Biochemicals , Cleveland, OH).. In all cases, both DNA 
strands were sequenced. 

. r - - - - EXAMPLE. _3 : . . 

=. . . a . In-Situ Hybridizations . .. r . 

5^ .To determine the spat i§Ll^ distribution of TobRD2 

tnRNA transcript^, in the. various-, tissues of , .the root,, in 
situ hybridizations were . performed in ~ untransf ormed 
^ plants. In-situ hybridizations, .of antisense. strand of 
TobRD2 to the TpbRD2 _mRNA in. r opt. tissue. jw^,,done>. u^ing 
10 . techniques "as described : in Meyero.wit z , * Plant. Mol . Biol . 
Rep. 5,242 (1987) ^nd Smith et a.1. ,^Plajxt Mol. Biol. Rep. 
5 , 231 (1987 ) . Seven. <Say.jp.ld jtobacco XNicotaniM - tabacum) 
seedling r roots . werjp. fixed.- in, - phosp^iate-buf f ered 
~ glutar ^ldehyde , r embedded ,in^ Par aplas t , Plus - z ( Mono j ecfc 
15 ._ 4 I n C w $3t. r Louis, ? _MQ)_ ajid sectioned at_ 8. mm .thickness to 
obtain, tr^n^verse as„ r well. .as .^longitudinal ..sections. 
, . Antisense JTobRD2 transcripts, sy^^si^d .in^vitro in- the 
presence of^35S-ATP, were us.e.d as prqbes ... T£e labeled 
RNA was "hydrolyzed by -alkaline treatment to .yield. 1Q0 to 
20^ 200 base mass average^ length prior to use. . 

: . - - Hybridizations were done, in £0% f ormamide^f or 

„ 16 ,hours at A2°C, with approximately S ..x 10 6 counts-per- 
. minute (cpm) labeled RNA per ^milliliter* of hybridization 
solution. . After exposure, the slides .were .developed and 
25 visualized under bright and dark field, microscopy. 

- , ~ ... . As . 4 shown in Figures.. .,1A . and IB , the 
hybridization signal is .localized- ..to. the cortical layer 
. of cells in Jthe_ropts. .Comparison of both bright and 
M . dark, field images of ,the same ^sections localizes TobRD2 
30 . transcripts to tfcte- parenchymatous cells of the root 
... Pprtex. No. ; hybridization signal, was- visible in the 
epidermis or the stele. ^ . 
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EXAMPLE 4 
Chimeric Gene Cons trxic ticm 

A promoter deletion series was constructed by 
polymerase chain reaction "(PCR) . The templates were the 
5 various deletions -*of~ ~ the % ~ -f lunking regions of the 
TobRD2 genomic clon^ that *' 'hid" ' 15een generated by 
Exonuclease i II/Sl 'naclekVe^aig'estions" * (Example 2). 

templates vere^tffpiif ied~us£ng thfe same set 
of oligonucleotide primers r Ofie r ~ primer" was a modified 
1<> -"bactferibpliage 1 -M13 - forvS&rd" primer "(see; eVgr . T " Sanger et 
r ' J al., febc. ' Mitl . -Aca'd.'-'^ba 'I USA';-7*J T SZG3 ''^iiiY)'; the 5' 
- " end ' of ' the ^igdriucleotide " ' cbnfcaine'd' ' the ~HindIII 
recognition r sequencer ~al<5flg ' with, an additipnal 5' 
1 sequence 7 "ttfatr 'arllowi f oi "ttof-e eTEflcient ' cleavage by" the 
15 restriction : enzyme 'The-*-othe3f primer "waes'^aesigned to ^ 
" " have - a ^BamHf ssite c (along ~vit?h ^dditiorial "nucleotides for 
-efficient cleavdgeT at ""its 4 5 VA, 'erfd afid" was' ^homologous to 
the 16 : Wclecfeide Wcjaerfce ''&£'■ "tifd ^bbRD^^tliat "iV"f ouhd 22 
1 ' bases 5' to ''the : ATC5^sta*rt codon (i.e.;* the primer Was 
20 J homologous 'bases f 9f3-19%8 ~bf SfeQ* ID r^T) . ~ 

The P " J PCR * ainplff icafclbif ° fraction " contained 
~- . ~ template c plasmi<f 'DJ^A' C5 - 10 : ng'T "reaction buffer (50 mM 
KCl; - 10 r mM J Trts -HCt'r "ptt 9V0 [at 25 °C] , } 6 :i% T^rrton X-100 , 
lt5 mM*MgCl>f 0>25 : mi-Teach* of &ATP, *dGTI? , dTTP, and dCTP; 
25 -40 ng bf'-eacir'pniiterr 1^2S units 'of T^V'^NA polymerase ^ 
(Promega'; Madisbnf WS) r ' ^ ~ * 
-■^ -.a" »rh e pcr cyclfe -denatured '~t; he templates at 94 °C 
for ± minute ; : 'cbrrealed 1 tHe~ primers at 46°C for 1' minute 
and ^allowed -chiain^'elongatrion to jSrbceeci *at 72*C for 5 
3 0 minutes v - 'This :: cycie -was "repealed 4cf~'eimes and" the last 
elongation "cydfe 'was' extended by 10 minutes'; " " "PCR ~ 
amplif icatibns^were done in* a programmable thermar cycler 

/ t^tip i nn \m t r> -~ ~ ~ — — — -i- \ ~ " * *~ 

Amplified products were digested with Hind III 
3 5 and Bam HI and cloned into the Hind III and Bam HI sites 
of the Agrrobacterium binary vector pBI 101.3 (R. 
Jefferson et al . , EMBO J. 6, 3901-3907 (1987)). This 
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, vector contains a 0- glucuronidase (GUS) reporter gene and 
an nptll selectable marker flanked by the T-DNA border 
sequences, v ^. ... , - * . 

....... - .EXAMPLE 5 - - . 

5 _ .Plant Travis format ion: Methods - - 

Chimeric reporter gene constructs were 
introduced into an Agrobacteriuzn host carrying a disarmed 
Ti-plasn^id r (]yBA4,404.) capable of providing . {dn trans) the 
vir f y^ctiqns. regiiir;ed_f or T^DNA^ransfcer and - integration 
10 ir;to the plant genome, essentially, as described by An et- 
al . , in , r Sr. .^eJLvin r and^,. R. ... Schilperoot , ..- eds-. , - Plant 

Molecular. Biology Manual . Martinus Nijhoff , Dordrecht, 
^ The ^ Netherlands^ * pp , A3 - 1- 19 , { 19.8 a). . Constructs were 
intr.QduLqed . tp„ _ the. .hoft, ^via, . tri-parexital .mating or 
1 5 electroppyatipn pf eleptrocpmpetant... A^robasrteriuin cells>^ 
t ,as is _kpoyn^ ..tp .those in. the., art.-.— . L 4 eaf disc 
tra^sf orr^atiQp of , tobacco.. .( SR1.L and .plant, regeneration 
were performed f as i described by,. An : et . al . Plant ( PjhysioI . 
81 , 301-305 _p- s 986j,.,, ^ Xanamycin - resistant, .plants .-were 
20 , selected for -.further analysis. . . 

* r - - . EXAMPLE ,6 : _ . . , . 

GUS Assays in Transgenic Slants; Methods , 
. • .• . v Jlis^ochemical staining was- performed on excised 
?pots, . stems, and leaves, of transfoinned - plants . The 
25. explai\t : , tissues .were ijicubated iri % lmM 

: . - ^.■ b ^9^ 0 "5" ch i°5 0 r 3 " i ?? pl y 1 " : B-D-glucuxonide (X-Gluc) , 25 
^ - ^ sodium phosphate buffer {pH 7.-0)-, O.S% DMSQ,, at-. 37°C 
^.overnight, -.after briefly ^ vacuum * infiltrating the 
substrate^. Tissues expressing -GUS activity cleave this 
3 0 , ; substrate and therreby stain blue.-. r - ; • 

;_r- <: • — , Flurpmetric ~ GUS assays. t were : performed- as 
• .;5? e ? c :F i ^ e ?,-- b y r Jefferson et al « , : -EMBO, J. 6, : 3901-3907 
(1987) to quantitate the level of jtGUS- ..expression. Cell 
-v ^ tr ^ ct : s ^ rom -roots, leaves and stems were incubated in 
3£ v , the. presence of 1 mM 4-methylumbellif eryl-B-D-glucuronide 
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(MUG) at 37 e C. Samples were taken at 0,"S, 10/15*, and 
20 minute intervals. The enzyme reaction was stopped by 
the addition of 0.2 M sodium carbonate. The fluorometer 
was calibrated with 10 nM and 100 nM MUG. Protein 
5 concentration in the samples was determined according the 
method of Bradford / --Anal -.~Bi ocftem-. 248 (1976). 

: EXAMPLE"? " r: - r ' 1 

Chimeric gene construct ie r riats£bler of 
airec tiha -bis sue -spec if :lc 5 cre&e r €£xo£tegai6n 

10 - ~ : - ~~ To determine- -rf*" the '2^1l} : ~l5ase °p&iY "sequence ' 

from the* TobRI>2*- gene' (SEQ. id NO:lY ettc^mpSssetf promoter 
elements 1 * directing* * expression' spOTifically*- ift ; the 
" - parenchymatous delf s 'of the* rbot cortex /" IbHimer ic 'genes 
were constructed \" 1 A v 19B 8 v ba£e^ pai5T region ^SEQ 'I'D NO : 2 ) 
15 was amplif i£d polymerase ' ehain" re^ctibn^ahd^cloned 5'" "* 
•to the"* GUS ' reporter gene ^iV ir des^ribWd' "above) . The 
chimeiricr gene" was -'introduced "-itito t6bac'c6" fas 'described 
above) - : and transgenic " : pIsSitB" wef e ~ inalyzed'^or their 
ability tcr "express" GUS " (a r s described "above) 7 
20 Results of ttie^ kixklysli" of^9 "individual 

■ transf ormants (i.e., each transformant was the product of 
an independent transforming event) are shown in Table 1, 
lines-- 25-33 - (iransf^hmn^ The a2.0 

promoter' * Tf SEQ lb NO : 2 y was found to : direct: high levels of 
25 * gene Expression '^ approximately 4-f oldF hi gheV than' that of 
the GaMV35S ? promoter , commonly termed to be "a* 'strong' 
promoter) (Figure * Expression" of the* reporter 'could 

not be' detected ifi : leaves or stems : at levels higher than 
control {see Figures- 4"; 5A and Bb, which display 'average 
3 0 activities : taken -from" -Table-'- ~1) - "GUS activity was 
essentially limited to- the root and, as shown in Figure 
~ . o , -Wei;* : ^ t>pcciriuctj-ly - Ixtuxted to the root cortex. Ths 
" plant shown in- -figure : 6 was trans Eotmed ~usirig 1 the - - *2 . 0 

"promoter -driving -GUS : ; in- pB 1 1-0 1.3% 
35 . . (Multiple individual transformed lea"f ""disks 

were placed in" petri plates ' " Transf ormant nomenclature 
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in Table 1 indicates the promoter/the numbered petri 
plat^/and the number of the independent transf ormant . 
Thus 325II1 refers to a transf ormant using the a2.0 
promoter, in: petri plate II, and 'from leaf disc 1; while 
5 lor; II" refers / "to* transformation using pBH01.3 
: :(proTnat:erless GUS< used as a control) , and to transf ormant 
number 1 in petri plate ;I . In Table 1, . the, .prefix 121 
refers, to use pf-pBI123 r (CaMV35S promoter, with GUS) ; 325 
.refers! to 'the : a2>.6 promoter i SEQ i ID NO: 2) with GUS; 484 
10. ref ers; to the ;a1 : .4, promoter. {SEQ 1 II? NO:3> .with GUS; 421 
prefers,, to the a1.3I promoter (SEQ: ID NO:4> ; with ;GUS; 428 
refers; to (the 'a1>0' promoter (SEQ ~ID. NO * 5): with GUS; 490 
refers 1 tb 'the a0 , 7: promoter (SEQ ID NO :,6 > . with, GUS ; 491 
refers to : the a 0.6; promoter (SEQ ID NO:7> with GUS; 492 
15 refers; to -the aOUSI promoter (SEQ; ID NOzBl with GUS; 495 
_ re ! fjB?rs to. the a CLi.2. '.promoter (SEQ -ID j NO : -with -GUS . "R- 
| GUS"| refers to GUS ; activity in' root tissues; ? n L-GUS n 
. refers.* to* GUS activity : rdn leaf * tissues:; '/aid!* "S-GUS" 
refers to GUS activity in; stem tissues. ' R/L; provides the 
20 relative GUS activity in Roots /Leases;. } .R/S providies ' the 
j relative GUS activity 'in Roots/Stetns t . ' GUS activity is 
* provided -.in pmplMU/jig protein/miri. ' , ■ ? > 



Wo 97/05261 



PCT/US96/12158 



-23- 



a. 



i 

52 

K 


to 


















- - 


















"eft 

CD 














«p 
«R 


o 
°? 

*o 


d 


p 


CM 

- MT 


CD 
cm 


CO 
ID 


- O) 






CO 


- ^ 
d 


cm 

; CD 






- CM 








CM 


- CO 


CO 

- CD 


. CD 
CD 




s 

,1 


CD 














;^ 














r- . 






■ ~> • 
, f _. 


d 




T. 1 










*co 

CD 

J? 


T 

^co 

CD 


CO 

d 


ID 




r- 
to 

[ CM 


o 


CD 

•> 

> ■- 


CO 

. CD 

•si 


CM 


« 


ID 


o 

CM 


CO 


r , 
0 




CM 

s 


:iz 


CM 

§ 


-J 

O 

-*co 

-0 


O 


d 


ID 

■ CO 

d 




"8 
• 

1 


CD 
CO 

.9. 














r 








- • 


- 






0 • 

r 




•j - 
. - .j 


s 












> 

i 

u 
• a 

to 
O 

' to 


, CM 


ID 

'* d 


CM 
CO 

d 


d 


m 
d 


. c, 
d 


eo 
d 


:8 
d 


CM 

d 


d 


CM 

d 


(M 

d 

~* i 


eo 
d 


, CO 
' <># 

d 


«D 
O 


CD 

d 






«D 

-CM 
CM 


CD 
O) 
v» 


r 

r»co 
- CO 
lb 


-*CM 
"Mt 

• (_ 


s 

CM 




1 

s 

< 


CO 

d 


















- 








- 










' CD 
CO 

«e> 


<■ 










> 
> 

2 

CO 

O 
-j 


CM 

© 


d 


to 
to 
d 


a» 
m* 

d 


r> 
cm 

d 


m> 
d 


CO 

d 


CM 

d 


d 


CO 

d 


CO 

d 


0 
d 


M> 

CM 

d 


CM 

d 


ID 
CO 

d 


CO 
O) 

d 




ID 
CO 

CO 


s 


CD 
CD 


CD 

in 


O 

d 




I ° 

II • 

H * 
I * 


CD 
ID 

Q 


































0 

ID 

d 












li > 

1 > 

1 t» 
n • 

1 s 

1 o 
I ± 

— 


01 
O 


CM 

d 


d 


co 

d 


d 


ID 

d 


CO 

d 


CD 

d 


o> 

CD 

d 


ID 
CN 

d 


d 


a? 

d 


CM 

d 


CM 

d 


CO 

d 


■> 

0 


CD 
CD 




s 

CO 


CD 

Mr 

CM 


O 
CM 

o> 


CO 
«M 


O 

ID 
CO 




m 

I 
E 
S 
*•» 
c 
• 


© 


cm 
© 


JO 

© 


o 


o 


CO 

s= 

O 


o 


o 


o 


2 
o 


o 


in 
O 


5 
0 


CM 
> 

O 


i 

0 




ID 
>_ 

O 




ID 
CM 


> 
CM 


CM 
> 

CM 


Mh 
CM 


M> 
CN 





SUBSTITUTE SHEET (RULE 26) 



WO97/05261 PCT/US96/12158 

-24- 



CO 
CO 

> 
. < 
< 

, Ui 

< s 

-g 

o 



CD ' 

d 



s 



o 

00 
9- 10 



SUBS7TTUTE SHEET (RULE 26) 



WO 97/05261 



PCT/US96/22158 



-25- 



9 



J 



a- 



i 



3 



9 



8 



r4 
at 



1 

CM ' 



CO 
CO 

•> 
-J 

< 

i< 

*. IT 
•jj 

CL 

' CM 

— a 
cc 

CD 

'O 



CO 

d 



eh 



ft 



d 



s 

6 



o 
6 



m 

P 



2 



d 



O 



d 



0> 
CM 

d 



d 



8 

r 

i 
i 



i 

cc 



2 



r 



2 



. . SUBSTTTUTE, SHEET (RULE 26) 



WO 97/05261 



-26- 



-PC37US96/12158 



g 



Oi 
CD 



O 



CO 



CO 
© 



OS 
CO 



in 

CD 



CM 

CO 

d 



in 
o 



s 



CD 

o 



cp 



• ID 



CD 
ID 



CO 

© 



CO 

© 



o 



d 



d 



d 



CN 

' CM 

; d 



d 



s 

d 



^SUBSTITUTE SHEET (RULE 26) 



to 

CO 
ID 



o 



CD 

d 



CO 

< 
< 

Ul 

H- O 
CC 

; 2 

* P 



d 



cn 
d 

'C 



CO 

d 



o 



' CD 



o 

to 



CO 

d 

CD 



CO 
10 



CO 

d 



> 

CO 



> 

CO 



8 



o 

CD 



> 

o 



to 
o 



en 



97/05261 



PCT/US96/12158 



■27- 



S 



it 



I** 

u 

O 



6 



6 



I- 



p* m 



5 



WO 97/05261 PCT/pS$>6Am58 

-28- 



52 

CO 

< 

- z 
< 

■ UJ 

J— O 



cc 

CD 

o 



131 

d 



io 



> > 



tr> 

i 



SUBSTITUTE SHEET (RULE 26) 



WO 97/05261 



PCT/US96/12158 



-29- 

EXAMPLE 8 * , 

Effect of 5' promoter-del^titons 
on the expression of the reporter ■ gene activity 

The following experiments. 1 were- capi-ed out in 
5 essentially the same manner., as described- Example 7, 
above, except that the length \ of Itbje TobRD2 flanking 
region employed as a promoter; was "Varaed HffcTTexplore how 
various portions of the^i flanging region: affected 
expression of GUS 1 I ! j i ! ' ' , , 

10 A series of sevenf nested Social epipri^mutations 

in the 2010 base pair TojbRD2 ' sequencer ;(SJEQ.^ IS <NO: 1) 
upstream region were generated » for; use' 1 jas promoter 
sequences. These deletion mutants are* qKbv^ "graphically 
in Figure 3, and are denoted ks [±2 . Cj CSfiQ -ID ND:2) ; a1.4 
15 (SEQ ID NO:3) ; a1.3 (SEQ lb NoU )^ JaI .. 0_ KSfcQ ; ID NO:5); 
a0.7 (SEQ ID NO: 6); a0.6 '(SEQ; ID :NO:7);| Ao .5 (SEQ ID 
NO:8); and a0.2 (SEQ ID NO: 9)'. j 1 L i- 1 !■ L. !, £ 

Chimeric gene constlruct's a's . d^esdribed "in 
Example 3 and containing thp a 2 .;00 ( promoter (SEQ IDNQ;2) 
20 or a truncated promoter (SEQ *3^D NOs": f3*-§y~were introduced 
into tobacco by Agrobsicterxum, mediated tran^f otmatiori' of 
leaf discs (as described- in* Example : 4J The 
AgroJbacterium vector pBIlOl. 3 was used 'alone as a 
control, and the CaMV35S promoter, was used to 1 jprpyide a 
25 reference standard. Roots, : leaves' ; and . stems from 
regenerated plants were assayed for. GUS Activity '(Table 
1; Fig. 4) . I 

Figure 4 provides a graphic representation of 
GUS activity in roots, leaves, and,.. stems.- using Uae full 
3 0 length TobRD2 promoter, the promoter* delation series, the 
Cauliflower Mosaic Virus ;35S .^(CaMVSSS) promoter, and 
vector pBI101.3 as a control. As shown 5 in Figure J4, Bix 
of uuc piumutci S lcSlcu wexe IcA-md Ly v^unftsx iiign_ levels 
of root cortex specific expr^ssjion: ' a2-00, (SEQ ID jNO:2); 
35 Al.4 (SEQ ID N0:3); a1.3.^SEQ ID NO:: 4 ) ;- A_1 P 0 (SEQ ID 
NO:5) ; a0.7 (SEQ ID N0:6);} and AO . 6 . (SEQ ['lit NO : 7 ) . 
Figure 4 displays averaged data from Tablje a.' i 
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As further shown in Figure 4, loss of a region 
approximately 50 base pairs in -length (compare a 0.6 (SEQ 
ID N0:7) and a0.5 (SEQ ID N0:8)) drastically decreased 
the level of GUS expression. However, the results show 
5 that the level of GUS expression in root tissue provided 
by the a 0.5 promoter (SEQ ID NO; 8) was equivalent to that 
elicited by the CaMV35S promoter. GUS expression in root 
cortex provided by, the aO. 2 .promoter {SEQ -ID NO: 9) was 
approximately half that provided by the CaMV35S prompter. 

10 Figures 5A and 5B further illustrate "the organ 

specific nature* of reporter gene expression "using ~TobRD2 
promoters .^ S - Iri i all- instances' tested, ' GUS activity was 
strictly expressed in the roots and negligible activity, 
if any, was detected in the stems or ^leaves of: the same 

15 transformed tobacco plants. While: ; the . -level of GUS 
activity measured in roots transformed" with the aO . 60 and 
aO.30 promoters was equivalent tb> 6r^ less than that 
provided by the CaMV35S jpromoter.rtFigriire; 4"),, Figures 5A 
and 5B illustrate th&t expression "di'redtetfBy the a 0.60 

20 and aO.30 : promoters J was "root -Specific ,~" with 'negligible 
activity in stems and leaves, uhlikei. expression directed 
by the CaMV35S promoter. , - ' ■ r - . 

The foregoing examples are!' illustrative of the 
present invention, and are., not, to be construed as 

25 limiting thereof. The invention *£is defined by the 
following claims, with equivalent^ of the .claims to be 
included therein • 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION:'- " ± i- - - ■ ■ 

(i ) APPLICANT: Conk'ling " Mark . XV .' ,- , .1 
■ ttendu. Nandini • " ' ' " " " " 

-.-=. -.Song, Jten zs. . "^i i: "'• :. ) - . v: :: _ .- .•: : 

(ii) TITLE OF INVENTION: Root- Cortex sffeci fic\ Gene promoter ' : 

(iii) NUMBER QF/SEQUEljCES: V ?J ,.i ..v : T 

-fel-vj CORRESPONDENCE .ADDRESS^ :. .•■ ■ ^ • 

IA), ADDRESSEE: Kenneth D...Sibley; ,BelK Seltzer. , Park- &,- 

' • _ ' " ' Gibson ^ r ' " •- — - - 

. _ v _- ■ (£) STREETi: . Post Off?! ce • Drawer -"'34009 ' - • ~ ? ' ' ■ - - ' 

(C) ,CITY: Charl otte. .. , .. .. , -. 

"(D)- STATtVNdrtFr Carolina " " """' " 

i-::? • (D/ COUNTRY; ? USA ^ -V -i'Zj- J zz i^-~;..r 

;-- - (F) ,ZIP :j 2K.34^ _ { _ _ * T , : . w^s^ v --_ 

• -fev) .COMIHJTER.JlEAIMlBLE^F0RMw»-;iv..-.;^ 

.(A.) . MEDIUM IYEE;„Floppx disk, *. ( -....^ ■ 
-• : - -(B)' COMPUTER' IBM PC compati tfl e" ' " 

. : {G.) OPERATING SYSTEM: -PC-OOS/MS-BC®-' ; 

(D) _ SOFTWARE :^ Pa/tent Lij _Release.Jtl . 0 ^ J/ersipa#l . 30 

. tvi) CURREHT-Af^LKATIONrDATA: 

(A) APPLICATION NUMBER: . , 

(B) FILING DATE: 

(C) CLASSIFICATIONS s • 1 \ 

( vi i i ) ATTdRNEY/ AGENT INFORMATION : ' " ' " 

■j (A)-NAME: ;Sibtey. Kenneth D. 

' (B) REGISTRATION NUMBER: 31.665 - 
- "(C) REFERENCE/DOCKET NUMBER:- 5051-294 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 919-420-2200 

(B) TELEFAX: 919-881-3175 



(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2010 hasp nair<; 

(B) TYPE: nucleic acid' 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1:- . . - 

CTCGAGGATC TAAATTGTGA GTTCAATCTC TTCCCTATTG GATTGATTAT CeTTTCTTTT 60 

CTTCCAATTT GTGTTTCTTT TTGCCTMTT TATTGTGTTA TCCCCTTTAT CCTATTTTGT . .120. 

TTCTTTACTT ATTTATTTGC TTCTATGTCT TTGTACAAAG ATTTAAACTC TATGGCACAT - 180- 

ATTTTAAAGT T£TTAGAAAA TAAATTCTTT CAAGATTGAT GAAAGAACTT TTTAATTGTA 240 

GATATTTCGT AGATTTTATT CTCTTACTAC CAATATAACG CTTGAATTGA CGAAAATTTG . 300 

TGTCCAAATA TCTAGCAAAA AGGTATCCAA TGAAAATATA TCATATGTGA TCTTCAAATC 360 . 

TTGTGTCTTA TGCAAGATTG ATACTTTGTT CAATGGAAGA GATTGTGTGC ATATTTTTAA 420 

AATTTTTATT AGTAATAAAG ATTCTATATA GCTGTTATAG AGGGATAATT TTACAAAGAA;. -480 

CACTATAAAT ATGATTGTTG TTGTTAGGGT GTCAATGGTT -CGGTTCGACT GGTTATTTTA ' . 540 

TAAAATTTGT ACCATACCAT IIIIIICGAT ATTCTATTTT GTATAACCAA AATT AGACTT 600 

TTCGAAATCG TCCCAATCAT GTCGGTTTCA CTTCGGTATC GGTACCGTTC' GGTIMTTTT 660 

CAI 1 1 1 1 1 1 1 TAAATGTCAT TAAAATTCAC TAGTAAAAAT -AGAATGCAAT AACATACGTT: , 720 

CTTTTATAGG ACTTAGCAAA AGCTCTCTAG ACATTTTTAC TGTTTAAAGG ATAATGAATT 780 

AAAAAACATG AAAGATGGCT AGAGTATAGA TACACAACTA TTCGACA5CA- ACGTAAAAGA : 840 

AACCAAGTAA AAGGAAAGAA AATATAAATC ACACGAGTGG AAAGATATTA ACCAAGTTGG . 900 " 

GATTGAAGAA TAAAGTCTAT ATTAAATATT CAAAAAGATA AATJTAAATA ATATGAAAGG 960 

AAACATATTC AATACATTGT AGTTTGCTAC TCATAATCGC TAGAATACTT TGTGCCTTGC . 1020 ' 

TAATAAAGAT AGTTGAAATA GCTTAGTTTA AATATAAATA GCATAATAGA TTTTAGGAAT . 1080 . 

TAGTATTTTG AGTTTAATTA CTTATTGACT TGTAACAGTT TTTATAATTC CAAGGCCCAT ' 1140 

GAAAAATTTA ATGCTTTATT AGTTTTAAAC TTACTATATA AATTTTTCAT ATGTAAAATT 1200 

TAATCGGTAT AGTTCGATAT TTTTTCAATT TATTTTTATA AAATAAAAAA CTTACCCTAA 1260 

TTATCGGTAC AGTTATAGAT TTATATAAAA ATCTACGGTT CTTCAGAAGA AACCTAAAAA " 1320.- 

TCGGTTCGGT GCGGACGGTT CGATCGGTTT AGTCGATTTJ CAAATATTCA TTGACACTCC 1380 

TAGTTGTTGT TATAGGTAAA AAGCAGTTAC AGA6AGGTAA AATATAACTT AAAAAATCAG 1440 

TTCTAAGGAA AAATTGACTT TTATAGTAAA TGACTGTTAJ ATAAGGATGT TGTTACAGAG 1500 

AGGTATGAGT -GTAGTTGGTA AATTATGTJC TTGACGGTGT ATGTCACATA TTATTTATTA ' 1560 

AAAGTAGAAA AAACAGCGTC AAMCTAGCA AAAATCCAAC ,GGACAAAAAA -ATCGGCTGAA ' 1620" 
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TTTGATTTGG TTCCAACATT TAAAAAAGTT TCAGTGAGAA AGMTCGGTG ACTGTT6AT& 1680 
ATATAAACAA AGGGCACATT GGTCAATAAC CATAAAAAAT TATATGACAG CTACAGTTGG 1740 
TAGCATGTGC TCAGCTATTG AACAAATGTA AAGAAGGTAC ATCTGTAACC GGAAi^CCAC 1800 
TTAAATGACT AAATTACGCT CATCAGAAAG GA6ATGGAGT GCTa"cAA"aTA" ACACACTATT I860 

CAACAACCAT AAATAAAACG fGTTCAGCTA CTAAAAC-AAA' TATAMTAAA TCTATCITTG ' 1920 

TAAGCACTCC AGCCATGTfA ATGGAGTGCT AftGCCTGff AACTCTCACT 3 T^TftiAAATAG' £ 19'80 : 

tagtagaaaa mtatgaaCc aamcacaag -'-^ v ATr;..\ ..v.-:- 2ffl0" 



(2) INFORMATION FOR S'EQ ID N0:2r ~ " ' 

( i ) SEQUENCE CHARACTERISTICS ' 

(A) LENGIH; 1988 .base pa ir-s 

(B) TYPE: nucleic-acid 

(C) STRANDEDNESS : singlet. 

- (D) ! TOPOLOGY:' linear- - -~ 

<1i ) MOLECULE TYPE-!" DNA : '( genomic) 



•(xi) SEOOENCE 'DESCRIPTION : SEQ ID" nO:2: • : ' ' JL Mc : ' 
CTCGAGGATC TAAATTGjGA. GTTCAATcTC TtCCCTATTe GATTGA"ttAT CCXiTCTTTT ' - 60 /' 
CTTCCAATTT GTGTJTCTTT TTGCCTAATT TATT6TGTTA TCCCCTTTAT CCTATftTGf ; 120 ' 
TTCTTTACTT ATTTATTTG'C TTCTATGTCT TTGTACAAAG ATTTAAAGTC TATGGCACAT " 180' 
ATTTTAAAGT TGTTAGAAAA TAAATTCTTT CAAGATTGAT GAAAGAACTT. TTTAATTGTA 240 ' 
GATATTTCGT AGATTTTATT CTCTTACTAC CAATATAAGG CttGAATTGA CGAAAATTTG 300 ' 
TGTCCAAATA TCTAGCAAAA AGGTATCCAA TGAAAATATA TCATATGTGA TCTTCAAATC "'' '360 
TTGTGTCTTA TGCAAGATTG ATACTTTGTT CAATGGAAGA GATTGTGTGC ATATTTTT AA ! " 420* ' 
AATTTTTATT AGTAATAAAG ATTCTATATA GCTGTTATAG AGGGATAATT TTACAAAGAA " ^480 ' 
CACTATAAAT ATGATTGTTG TJGTTAGGG-T CTCAATGGTT CGGTTCGACT GGtTATTTTA " :: 540 

-r » > * * i i i r*-r A^mTArrAT i i i i i i rr* at uttpYa "! i i I ptata a r*^ A A A ATT A/^ A rTT ^ cnft;- 

I HA\HM II I U I hL^ninLOM I \ i 4 V I i UUn I HI lUini I I I Uini rviuwnn i i r^no i i www 

TTCGAAATCG TCCCAATCAT GTCGGTTTCA CTTCGGTATC GGTACCGTTC GGTTAATTTT '-•- v 660- 
CA I 1 1 1 1 1 1 1 TAAATGTCAT TAAAATTCAC TAGTAAAAAT AGAATGCAAT AACATAGGTT ;;: 720 
CTTTTATAGG ACTTAGCAAA AGCTCTCTAG ACATTTTTAC T6TTTAAAGG ATAATGAATT • ' 78a' 
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AAAAAACATG AAAGATGGCT AGAGTATAGA TACACAACTA TTCGACAGCA ACGTAAAAGA - 840 
AACCAAGTAA AAGCAAAGAA AATATAAATC ACACGAGTGG AAAGATATTA ACCAAGTTGG 900 
GATTCAAGAA TAAAGTCTAT ATTAAATATT CAAAAAGATA AATTTAAATA ATATGAAAGG • 96Q- 
AAACATATTC AATACATTGT AGTTTGCTAC TCATAATCGC TAGAATACTT TGTGCCTTGC 1020: 
TAATAAAGAT ACTTGAAATA GCTTAGTTJA AATATAAATA GGATAATAGA TTTTAGGAAT 1080 . 
TAGTATTTTG ^GTTTAATJA CTTATTGACT TGTAACAGTT TTTATAATTC CAAGGGCCAT - 1140 ■ 
GAAAAATTTA ATGCTTTATT AGTTTTAAAC TTACTATATA AATTTTTCAT ATGTAAAATT • 1200 
TAATCGGTAT AGTTCGATAT TTTTTCAATT TATTTTTATA AAATAAAAAA CTTACCOTAA-. 126Q 
TTATCGGTAC AGTTATAGAT -TTATATAAAA ATCTACGGTT CTTGAGAAGA MCCTAAAAA. .-1320 
TCGGTTCGGT GCGGACGGTT CGATCGGTTT AGTCGATTTT GAAATATTCA TTGACACTGC 1380 
TAGTTGTTGT JATAGGTAAA AAGCAG7TAC AGAGAGGTAA . AATATAACTT AAAAAATCAG 1440 
TTCTAAGGAA AAATTGACXT TTATAGTAAA -TGACT-GTTAT ATAAGGATGT TGTTACAGAG - : 1500 
AGGTATGAGT GTAGTTGGTA MTTATGTTC TTGACGGTGT • ATGTCAGATA -TTATTTATTA - : ■ 1560. 
AAACTAGAAA AAACAGGGTC .AAAACTAGCA AAAA^CGAAC GGAGAAAAAA ATGGGCTGAA - 1620 , 
TTTGATTTGG TTCCAACATT TAAAAAAGTT •TCAGTGAGAA : AGAATGGGTG . ACTGTTGATG 1680 : 
ATATAAACAA -AGGGCACATT 6GJCAAJAAC CATAAAAAAT TATATGAGAG . CTAGAGTTGG. 1740 
TAGCATGTGC .XCAGCTATTG AACAAATCTA AAGAAGGTAC ATCTGTAACC . GGAAGACCAC ■ 1800 . 
TTAAATGACT . AAATTACCCT CAljCAGAAAG GAGATGGAGT • GCTACAAATA ACACACTATT I860- 
CAACAACCAT AAATAAAACG : TGTTCAGCTA GTAAAAGAAA TATAAATAAA^TCTATGTTTG 1920 
TAAGCACTCC AGCCATGTTA ATGGAGTGCT ATTGGCTGTT AACTGTCACT TATAAAATAG - 1980 
TAGTAGAA • . -, ' : - - : - -. .: - 1988 



(2) INFORMATION FOR SEQ-ID-NO:3: - - 

- (i) SEQUENCE CHARACTERISTICS :> 

(A) LENGTH: 1372 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
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(xi) SEQUENCE DESCRIPTION': SEQ ID N0:3: 

TCATGTCGGT TTCACTTCGG TATCGGTACC GTTCGGTTAA TtTTCATTTT tTTTTAAATG 60 

TCATTAAAAT TCACTAGTAA AAATAGAATG CAATAACATA CGTTCTTTTA TAGGACTTAG 120 
CAAAAGCTCT CTAGACATTT TTACTGTTTA AAGGATAATG AATTAAAAAA CATGAAAGAT ' 180 

GGCTAGAGTA TAGATACACA ACTATTCGAC "AGCAACGTAA AAGAAACCftA GTAAAAGCAA 240 

AGAAAATATA AATCACACGA ^TGGAAAGAT ATTMCCAAG TTGGGATTCA AGAATAAAGT 300 

CTATATTAM WTCAAAAA GATAMTTTA AATAATATGA AAGGAMCAT XtTCAATACA 360 

TTGTAGTTTG CTACTCATAA TCGCTAGAAT ACTTTGTGCC TTGCTAATAA ^At^CTTGA : 420 

AATAGCTTAG TTTAAATATA AATAGCATAA TAGATTTTAG GAATTAGTAT TTTGXGTTTA '" ' 480 

ATTACTTATT'gACTTCTAAC AGTTTTTATA ATTCCAAGGC CCATGAAAAA TTTAATGCTT 540 

TATTAGTTTT AAACTTACTA TATAWTTT TCATATGTAA "MTTTMTCG 'GYATAGTTCG ' 600 ' 

ATA I I i I I IC MTTTATTTT TATAAAATAA 'AAAACTT ACC CtAA'tTATCG GTACAGTTAT 660 

AGATTTATAT - AAAAATCT AC GGTTCTTCAG T MGA^CcTa AAAATCGGTT X^Tg'cgSAC 720 ' 

GGTTCGATCG GTTTAGTCGA TTTTCAAATA "TTCATTGACA CTCCTAGTTG TRaTTATAGG 780 ' 

TAAAAAGCAG k TTA^GAGAG ~GT AAAATATA ACTTAAAAAA TCAGTTCTAA GGT^AAAATTG cx ' 840 

ACTTTTATAG" TAAATGACTG TTATAT MGG 7 AT GTTGTTAC AGAGAGGtAT GAGTGTAGTT ' ' ' 900 

GGTAAATTAT GTTCTTGACG GTGTATGTCA CATATTATTT ^TTAAAACTA ^AAAAAACAG " 960 

CGTCAAAACT AGCAAAAAT C ' CAACGGACAA AAAAATCGGC TGAATTTGAT TTGGTTCCAA "1020 

CaTTTAAAAA- A6TTTCAGTG AGAAAGAATC ; GGTGACTGTT GATGATATAA ACAAAGGGCA 1080 
CATTGGTCAA TAACCATAAA AAATTAT ATG~ ACAGCTACAG TTGGTAGCAT GTGCTCAGCT " ' 1140 " 

ATTGAACAAA TCTAAAGAAG GTACATCTGT AACCGGAACA CCACTTAAAT GACTAAATTA '1200 

CCCTCATCAG AAAGCAGATG 6AGTGCTACA AATAACACAC TATTCAACAA CCATAAATAA 1260 

AACGTGTTCA GCTACTAAAA CAAATATAAA TAAATCTATG TTfGTAAGCA 'CTCCAGCCAT ' 1320 

GTTAATGGAG TGCTATTGCC TGTTAACTCT CACTTATAAA ATAGTAGTAG AA "' ./ 1372 

(2) INFORMATION FOR SEQ ID NO: 4: : ' ' 

(i) SEQUENCE CHARACTERISTICS: • - r -~ . ' "■ ~ 

(A) LENGTH: 1294 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: : . :; : ; " 



AAAAATAGAA 


TGCAATAACA TACGTTCTTT 


TATAGGACTT 


AGCAAAAGCT CTCTAGACAT 


60 


1 1 1 IACTGTT 


TAAAGGATAA TGAATTAAAA 


AACATGAAAG 


ATGGCTAGAG TATAGATACA 


120 


CAACTATTC6 


ACAGCAACGT AAAAGAAACC 


AAGTAAAAGC 


AAAGAAAATA TAAATCACAC- 


180 


GAGTGGAAAG 


ATATTAACCA AGTTGGGATT 


CAAGAATAAA 


GTCTATATTA AATATTCAAA ' 


240 


AAGATAAATT 


TAAATAATAT GAAAGGAAAC 


ATATTCAATA 


CATTGTAGTT TGCTACTCAT . 


• 300' 


AATCGCTAGA 


ATACTTTGTG CCTTGCTAAT 


AAAGATACTT 


GAAATAGCTT AGTTTAAATA r 


* 360 


TAAATAGCAT 


AATAGAI 1.1 1 AGGAATTAGT 


AI.UIGAGTT 


TAATTACTTA TTGACTTGTA •• 


: -, 42a 


ACAGI jlllA 


TAATTCCAAG GCCCATGAAA 


AATTTAATGC 


TTTATTAGTT TJAAACTTAC 


; 480 


TATATAAATT 


TTTCATAJGT AAAATTTAAT 


CGGTATAGJJ 


CGATAI II IJ JCAATTTATT 


.-540 


TTTATAAAAT 


AAAAAACTTA CCCTAATTAT 


CGGTACAGTT 


•ATAGATTTAT ATAAAAATCT 


600 . 


ACGGTTCTTC 


AGAAGAAACC TAAAAATCGG 


TTGGGTGCGG 


ACGGTTCGAT CGGTTTAGTC 


.660 


GAI II ICAAA 


TATTCATTGA CACTCCTAGT 


TGTTGTTATA 


GGTAAAAAGC AGTTACAGAG " 


. 720 


AGGTAAAATA 


TAACTTAAAA AATCAGTTCT 


AAGGAAAAAT 


TGACTi^T AGTAAATGAC 


780 .. 


TGTTATATAA 


GGATGTTGTT ACAGAGAGGT 


ATGAGTGTAG 


TTGGTAAATT ATGTTCTTGA 


840 


CGGTGTATGT 


CACATATTAT TTATXAAAAC 


TAGAAAAAAC 


AGCGTCAAAA CTAGCAAAAA 


900 


TCCAACGGAC 


AAAAAAATCG GCTGAATTTG 


ATJTGGTTCC 


AACATTTAAA AAAGTTTCAG 


. 960 


TGAGAAAGAA 


TCGGTGACTG TTGATGATAT 


AAACAAAGGG 


-CACATTGGJC AATAACCATA 


1020 


AAAAATTATA 


TGACAGCTAC AGTTGGTAGC 


ATGTGCTCAG 


CTATT6AACA AATCTAAAGA 


" 1080 


AGGTACATCT 


GTAACCGGAA GACCACTTAA 


ATGACTAAAT 


TACQCTCATC AGAAAGCAGA 


1140 


TGGAGTGCTA 


CAAATAACAC ACTATTCAAC 


AACCATAAAT 


-AAAACGTGTT CAGCTACTAA 


1200 " 


AACAAATATA 


AATAAATCTA TGTTTGTAAG 


CACTCCAGCC 


ATGTTAATGG AGTGCTATTG l . 


1260 


CCTGTTAACT 


CTCACTTATA AAATAGTAGT 


AGAA 




1294 
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(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1030 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY.:, linear ........... 

(ii) MOLECULE TYPE.: JXJA (genonic) . i. . 

(xi ) SEQUENCE'-- t)ESCRTPTION: SEC-' ID NO: 5" -- V ' ? : '' > 

GGAAACATAT TGAATACATT 60 

GCTAATAAAG ATACTTGAAA TAGCTTAGTT TAAATATAAA -TAGCATMTA ^TTTTAGGA 120' 

ATTAGTATTT TGAGTTTAAT TACTTATTGA CTTGTAACAG TTTTTATAAT f CCAAGlSCCC "' 180 

ATGAAAAATT TAATGCTTTA TTAGTTTTAA ACTTAcTaTA fA^TTTTTC ATATdTAAAA " ' 240 

TTTAATCGGT ATAGTTCGAT ATTTTTTCAA "TTTATTTTTA TAA^TAAAA "a^CTTACCCT 300 

AATTATCGGT ACAGTTATAG ATTTATATAA AMTCTACGG TTCTTCAGAA GAAAtcTAAA ' '360 

AATCGGTTCG GTGCGGACGG TTCGATCGGT TTAGTCGATt TTC'AMTATT CATTGAtACT 420 

CCTAGTTGTT GTTATAG&TA AAAAGGAGTT ACA6ASAGGT ^AAAATATAAC TTAAAAaATC 480 

AGTTCTAAGG AAAAATTGAC TTTTATAGTA AATGACTGTT ATATAAQG7\T GTTCTTACAG " '^540 

AGAGGTATGA GTGTAGTTGS TaMFTATGY TCTTGACGGT GTA^fGTCAtA TATTATTTAT '~ ' ^'600 " 

TAAAACTAGA AAAAACAGCG TCAi^AAGTAG (^AAATCCA AC'gGACAAAA AAATCGGCTG ^ "660 

AATTTGATTT GGTTCCAACA ttiWJWG TTTCAGTGAG AAAGAATCGG TGACYGTTGA ' 720 

TGATATAAAC AAAGGGCACA fTGGfCAATA ACCATAAAAA ATTATATIGAC AGCTACAGTT "780 " 

GGTAGCATGT GCTCAGCTAT TGAAOAAATC : TAAAGAAGGT ACATCTGTAA CC6GAACACC ' ' 840 
ACTTAAATGA CTAAATTAee CTWCASAA AGCAGATGGA GTGCTACAAA TAACACA'CTA ' " 900 
TTCAACAACC ATAAATAAAA ~CGYGT1£ASC TACTAAAACA AAT ATAAATA AATCTATGTT ' 960 
TGTAAGCACT CCAGCCATGT YMTGGAGTG CTATTGCCTG TTAACTCTCA CTTATAAAAT ! 1020 

AGTAGTAGAA ' : •-' '• " • ! ' 7 1630 " 
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(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 722 base pairs ' 

(BX TYRE: nucleic- acid 

(C) STRANDEDNESS: single • 
. . (D) TOPOLOGY: linear , . . 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO :6: " '' ~ ; 

GTACAGTTAT A^TTTATAT AAAAATCTAC : GGTTCTTCAG AAGAAACCTA AAAATCGGTT '60 
CGGTGCGGAC GGTTCGATCG GTTTAGTCGA TTTTCAAATA TTCATTGACA tTCCTAGTT G " ' 120 

TTGTTATAGG TAAAAAGCAG TT ACAGAGAG 6TAAMTATA : ACTTAAAAAA TCAGTTCTAA 180 

. GGAAAMTTG ACTtTTAfAG-fAAATGACTG HAT ATAAGG- ATGTTGfTAC AGAGAGGTAT 240 

GAGTGTAGTT GGTAAATTAT GTTCTTGACG GTGTATGTCA CATATTATTT ATT AAAACTA *300 

GAAAAAACAG CGTCAAAACT AGCAAAAATC CAACGGACAA AAAAATCGGC TGAATTTGAT 360 

TTGGTTCCAA CATTTAAAAA AGTTTCAGTG AGAAAGAATC GGTGACTGTJ, GATGATATAA • 420 

ACAAAGGGCA CATTGGTCAA TAACCATAAA AAATTATATG ACAGCTACAG TTGGTAGCAT . 480 

GTGCTCAGCT ATTGAACAAA TCTAAAGAAG GTACATCTGT AACCGGAACA CCACTTAAAT 540 

GACTAAATTA CCCTCATCAG AAAGCAGATG GAGTGCTACA AATAA^CAC 'TATTCAACAA 600 

CCATAAATAA AACGTGTTCA GCTACTAAAA CAAATATAAA TAMTCTAT& TTTGTAAGCA . 660 

CTCCAGCCAT GTTAATGGAG TGCTATTGCC TGTTAACTCT CACTTATAAA ATAGTAGTAG 720 

AA • - - •' '• 722 

(2)- INFORMATION- FOR SEQ ID NO: 7: ' ~:' " ' • 

: -(i) SEQUENCE CHARACTERISTICS: 

.(A) LENGTH: 574 base pa-irs - - 

CB) TYPE: nucleic acid 

(C) STRANDEDNESS: single- • ■- - 

(D) TOPOLOGY: linear " ~ -*■ 

"(ii ) MOLECULE 'TYPE: DNA (genomic) - ' • • ■ 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 
AGGTAAAATA TAACTTAAAA AATCAGTTCT AAGGAAAAAT "TGACTTTTAT AGTAAATGAC 60 
TGTTATATAA GGATGTTGTT ACAGAGAGGT ATGAGTGTAG TTGGTAAATT ATGTTCTTGA 120 
CGGTGTATGT CACATATTAT TTATTAAAAC TAGAAAAAAC AGCGTCAAAA tTAGCAAAAA 180 
TCCAACGGAC AAAAAAATCG GCTGAATTTG ATTTGGTTCC MCATTTAAA AMGTTTCAG 240 
TGAGAMGAA TCGGTGACTG TTGATGATAT AAACAAAGGG CACATTGGTC WAACCATA- - 300 
AAAAATTATA- JGACAGCTAC AGTTGGTAGC ATGfGG-TCAG CTATTGAACA -^ATGTAAAGA : .360 
AGGTACATCT ,GIAACCGGAA CACCACTTAA ATGAQTAAAT TAGGCTGATC AGAAAGCAGA • -420 
TGGA6TGCTA.- CAAATAACAC; ACTATTCAAC . AACCATAAAT-. • AAAACGTGTT ;G^TACTAA r r « .480 
AACAAATATA MTAAATCJA TGTTTGTAAG^ GACTGCAG£C C ATGJJAATGG ; AGTSOTATEG c r ; :.;540 / 
CCTGTTAACT GTCACTTATA AAATAGTAGT AGAA - ; . — - 7; ; T'. .-T- j 7 574 

(2) INFORMATION" 1 FOR SEQ"' I'D N0:'8: • Vi ^ > V "'~ : ' ^ ' " "" ' ' ' ' " 

(i ) SEQUENCE" CHARAtTERlSTICsV * ' ;> ' ' ' '"" "'' - ' - • - : - 

(A), LENGTH: • 523- base- pa-ir-fr, > < t - • , ■ « i - • • - , - - ? - 

'(B)' TYPir nucrefc" acid " " '"' " " ~~ " 

- - <C) STRANDEONESS;.. single - - - ~.ru - >< •.- 

(D) TOPOLOGY": linear ' ' *" " ~ 

(11) MOLECULE 1 TYPE:' DNA' TgenbrtiVc^ ' K ' " "' "' 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

GTAAATGACT GTTATATAAG GATGTTGTTA CAGAGAGGTA TGAGTGTAGT TGGTAAATTA 60 

TGTTCTTGAC GGTGTATGTC ACATATTATT TATTAAAACT AGAAAAAACA GCGTCAAAAC, — 120 

TAGCAAAAAT CCAACGGACA AAAAAATCGG CTGAATTTGA TTTGGTTCCA ACATTTAAAA • 180 

AAGTTTCAGT GAGAAAGAAT CGGTGACTGT TGATGATATA AACAAAGGGC ACATTGGTCA 240 

ATAACCATAA AAAATTATAT GACAGCTACA GTTGGTAGCA TGTGCTCAGC TATTGAACAA 300 

* -r^-r a « a /-n a a r-r*-r a /"■> at^t^ -r a a r*r>n* a a a r*r» a rir a a a Tr* a r*T a a att a rrrTr a Tr a o /" a 

M I L I MMMUMM UU 1 MOM I L> 113 I MMULA3UMML, MLLML I I MMM . I UHU * MMM I I HLUU J- UM~I UM . . OUU 

GAAAGCAGAT GGAGTGCTAC AAATAACACA CTATTCAACA ACCATAAATA AAACGTGTTC 420 
AGCTACTAAA ACAAATATAA ATAAATCTAT GTTTGTAAGC ACTCCAGCCA TGTTAATGGA 480 
GTGCTATTGC CTGTTAACTC TCACTTATAA AATAGTAGTA GAA 523 
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(2) INFORMATION FOR SEQ ID NO: 9: 

{ i V SEQUENCE CHARACTERISTICS : ' 
- (A) LENGTH: -220 base pairs - - 
... (B) TYPE: nucle4c acid - ....... r - 

(C) STRANDEDNESS : single 
: (D-)" TOPOLOGY: • lifiear - •"• ' ' " 

<ii) MOLECULE TYPE: DNA (genomic) . 

' (jo) SEQUENCE DESCRIPTION • SEQ ID. N0:9: . .." 

TAAAGAAGGT ACATCTGTAA -CCGGAACACC ACTTAAATGA CTAAATTACC CTCATCAGAA 60 

AGGAGATGGA 6TGCTACAAA ' TAACACACTA TTCAACAACC- ATAAATAAAA " CGTGTTCAGC " 120' 

TACTAAAACA AATAT AAATa"" AATCTATGITT GTAAGCACT " CCAGCCATGT TAATGGAGTG ' 180 

CTATTGCCTG. TTAACTCTCA CTTATAAMT. AGTAGTAGAA. - .220 
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THAT WHICH IS CLAIMED IS: 

1 . An isolated DNA molecule which directs 
root cortex specific transcription" ■■of na. downstream 
heterologous DNA segment in a plant c^. £?aid isolated 
DNA molecule having a sequence ''selected : ;f ram the group 

consisting of: . .„ - \ , 

(a) SEQ ID NO:l, SEQ ID NO: 2, SEQ ID NO: 3, SEQ 
ID NO: 4, SEQ ID NO: 5, SEp^ ID 110:6, ,SEQ, ID NO: 7. . SEQ ID 
NO: 8 and SEQ ID NO: 9 provided herein, and 

(b) DNA sequences which" "hybridise to ~ isolated 
DNA haying.- ;a ...sequence' ; pf ;.CaT above.,- toxui&c 7 .(SondSTfions 
represented . by . a wash stringency -of • r 0 , 3M , NaCl, . 0 . 03 M 
sodium 'citrate, 0.1% SDS at 6 0» , " and_ whi_ch__direct root 
cortex specific transcription'-- of A a-" downstream 
heterologous DNA segment in a plant cell . 

2. A DNA construct comprising an expression 
cassette, which construct comprises, in the 5' to 3' 
direction, a Tobacco RD2 promoter and a heterologous DNA 
segment positioned downstream from said promoter and 
operatively associated therewith. 



20 



3. A DNA construct comprising an expression 
cassette, which construct comprises in the 5' to 3' 
direction, a root cortex specific promoter and a 
heterologous DNA segment positioned downstream from said 
promoter and operatively associated therewith, wherein 
25 said root cortex specific promoter has a sequence 
selected from the group consisting of: 

(a) SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ 
ID N0:4, SEQ ID NO : 5 , SEQ ID NO: 6, SEQ ID N0:7, SEQ ID 

_ _ i ^.*-i>-<. i-t*. r-. .i j — j '•"-si" 2nd 

Nu : o cuiu sew ■'■'-> • s v±^ v -».<-»si<~i iiV - J - < 

30 (b) DNA sequences which hybridize to isolated 

DNA having a sequence of (a) above, under conditions 
represented by a wash stringency of 0.3M NaCl, 0.03 M 
sodium citrate, 0.1% SDS at 60°, and which direct root 
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cortex specific transcription of - a downstream 
heterologous DNA segment in a plant cell. 

. . 4.. A DNA. construct according to claim 3, 
wherein said construct further comprises a plasmid. ~ 

5.. A . DNA construct,, according to claim 3, 

wherein said heterologous ^ DNA segment , is r a . gene-, coding 
for an insect icidal protein. 

6. A DNA construct according - to z :cJL aim 4, 
wherein said heterologous _ DNA. segment is-, a -gene coding 
10 for a Bacillus thuring-iensis crystal protein toxic to 
insects, 

. , ^ 7 .- A . planet cell. ,con_taining- a DNA ; construct 
according to claim .3 ... - . * • - 

_ . 8 * ,A method .of making a transformed plant, 
15^ comprising .regenerating^ , $ . plant , -f rom a -plant cell 
according to claim 7. . , ^ - - ^ 

. t ?f .-. An . .^groJbacterium » tumef a ci ens cell 

containing a, DNA. cprasjtjruct ..according : tp claim 3,:* and 

wherein .said DNA , construct further comprises a Ti 
20 plasmid. .. m ...... .... . 

10. A method of making a transformed plant, 

. comprising, injecting : a : . plant -cell with an. Agrrobacteriuzn 
tumefaciens according, to claim 9 to produce a transformed 
plant cell, and then regenerating -a. plant from said 
25-. ^transformed plant cell. — / : * " 

11. A microparticle carrying a DNA construct 
^ ???^ dil ? 9 ^ to cla , im . wherein said microparticle is 

.suitable for. the ballistic- transformation of a plant 

•v. Cell ...... s t r 
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12. A method of milking a transformed plant, 
comprising propelling a microparticle according to claim 
11 into a plant cell to produce a transformed plant cell, 
and then regenerating -ar plant 'from said transformed plant 
5 cell. — .. -r::- . . J . .- - - i : ~ r 

. - 13 > r A : plant cell "protoplast containing a DNA 

' construct --according^ to claim 3 i ~ ' ' * ~ ' r ' ' 

14. A method of making a transformed plant, 
comprising ' regenerating : ~ IJ a ; plant' from *a plant cell 

ip~ protoplast according to claim"13r ^ ' -- r -^ 

15. A transformed plant comprising transformed 
plant cells, said transformed plant cells containing a 

~ - heterologous MiA co'nstruct p whieft construct comprises in 
the 5' to 3' direction, a root c5rt€x '"specific ^promoter 
15 and a heterologous DNA segment positioned downstream from 
. said- p*?3moter -and operatively Associated therewith, said 
-1." -'promoter directing 4rbbt~ corte^^pial f ic^ transcription of 



said heterologous DNA segment, 



T. I 



T:r. - ;~ "i-s-; a transformed p^ant according to claim 15, 
2 0 . : whereirr *saia r root - cortex splsr i'ifit pfbmotiar ^xs "*a 'Tobacco 
RD2 profnoter r -Vrkx£'6)x dfrects ~ ~ root ' cortex f "specif ic 
transcription of a downstream heterologous DNA* segment in 
a plant cell . 

174 • A-' tran&forWd plant according to" £Iaim 15, 
25 wherein- said* r pr6mot%r has -a secjuenicV selected from the 
* group consisting bl:- rT - : : £ - - - - - ; 

(a) SEQ ID NO:l, SEQ -i4) NO:2, SEQ ID NO :*3 ; SEQ 
TD NO: 4. SEO TD NOrS < SEQ ID NO : 6 , SEQ ID NO : 7 , SEQ ID 
. NP:8 .and SEQ ID. 1JCT: & provided -herein / and : : 
30 - . :r.c (b> DNA: sequenced which" hybridize - to isolated 
DNA having a -.fiequeffe'e- of- r (a) -above/ under " Conditions 
represented by a wash stringency of 0.3M NaCl/ 0: : 03 M 
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sodium citrate, 0.1% SDS at 60°, and which direct root 
cortex specific transcription of a downstream 
heterologous DNA segment in a plant cell. 

IB. A transformed plant according to claim 15, 
5 wherein said plant is a dicot. 

19. A transformed plant according to claim 15, 
wherein said plant is a monocot. 

20. a transformed plant according to claim 15, 
said plant is a tobacco (Nicotx&na. tabacuzn) 

21. An isolated DNA molecule consisting 
essentially of a promoter which directs root cortex 
specific transcription of a downstream heterologous; DNA 
segment in a plant cell and having a sequence selected 

15 f rom t he group cons i s t ing - of * SEQ ID NOS : 1 - 9 provi ded 
herein. 

22. A DNA construct comprising an expression 
cassette, which construct comprises, in th£ 5' to 3' 
direction, a promoter according to claim .21 and a 

20 -heterologous DNA segment positioned downstream from said 
■ promoter and operatively associated* therewith. 

23 . A transformed plant comprising transformed 
plant cells, said transformed plant cells containing a 
DNA construct according to claim 22 . 



wherein 
10 plant. 
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CTCGAGGATC TAAATTGTGA 
CTTCCAATTT GTGTTTCTTT 
TTCTTTACTT ATTTATTTGC 
ATTTTAAAGT TGTTAGAAAA 
GATATTTCGT AGATTTTATT 
TGTCCAAATA TCTAGCAAAA 
TTGTGTCTTA TGCAAGATTG 
AATTTTTATT AGTAATAAAG 
CACTATAAAT ATGATTGTTG 
T AAAATTTGT -ACCAT-ACCAT 
TTCGAAATCG TCCCAATCAT 
CATTTTTTTT TAAATGTCAT 
CTTTTATAGG ACTTAGCAAA 
AAAAAACATG AAAGATGGCT 
AACCAAGTAA AAGCAAAGAA 
GATTCAAGAA TAAAGTCTAT 
AAACATATTC AATACATTGT 
TAATAAAGAT ACTTGAAA7A 
TAGTATTTTG AGTTTAATTA 
GAAAAATTTA ATGCTTTAT" 
TAATCGGTAT AGTTCGATA 
TTATCGGTAC AGTTATAGA 
TCGGTTCGGT GCGGACGGT 
TAGTTGTTGT TATAGGTAAA 
TTCTAAGGAA AAATTGACTT 
AG6TATGAGT- GTAGTOGT A 
AAACTAGAAA AAACAGCGTC 
TTTGATTTGG TTCCAACATT 
ATATAAACAA AGGGCACATT 
TAGCATGTGC TGAGCTATTG 
TTAAATGACT AAATTACCCT 
CAACAACCAT AAATAAAACG 
XAAGCACTCC AGCCATGTTA 
TAGTAGAAAA AATATGAACC 



GTTCAATCTC 
TTGCCTAATT. 
TTCTATGTCT 
TAAATTCTTT 
CTCTTACTAC 
AGGTATCCAA. 
A7ACTTTGTT 
ATTCTATATA 
TTGTTAGGGT 



TTCCC 
TATTG 



TTGTACAAAG 



CAAGA 
CAATA 



ATTG 
GTTA 



GATTGATTAT 



TGAT 
AACG 



TGAAAATATA 
CAATGGAAGA 
GCTGTTATAG 



TGCCCTTTAT 
AT ITAAACTC 
GAAAGAACTT 
CTTGAATTGA 



TTTTT 
GTCGG 
TAAAA 
AGCTf 



CGAT 
TTCA 
TCAC 
CTAG 



AGAGTATAGA 
AA 



AG 
GC 
CT 

TTA 
CGA 



ATAAATC 
ATTAAATATL 
'"TTGCTAC 
TAGTTTA 
ATTGACT 
TTAAAC 
TCAATT 
ATAAAA 
CGGTTT 
AAGCAGTTAC 
TTATAGTAAA 
AATTATGTTC 
AAAACTAGGA 
TAAAAAAGTT 
GGTCAATAAC 
AACAAATCTA 
CATCAGAAAG 
TGTTCAGCTA 
ATGGAGTGCT 
AAAACACAAC 



gtcaatgg: 
attctatt' 
cttcggta" . 
tagtaaaaat- 
acatftttac 
tacacaacta 
acacgagtgg 
caaaaagata 
tcataatcgc 
aatataaata 
tgtaacagtt 
ttagtatata 
tatttttata 
atctaqggtt 
agtcgatttt 
agagaggtaa 
tgactgttat. 
ttgacggtgt 
aaaatccaac 
tcagtgagaa 
cataaaaaat 
aagaaggtac 
cagatggagt 
■ctaaaacaaa 

SA1TGCCTGTT 



TCATA 
GATTG 
AGGGA 



GTGA 
GTGC 
AATT 



CGGTTOACT 
GTATAACCAA 
GGTACCGTTC 
AGAATGCAAT 
TGTTTAAAGG 
TTCGACAGCA 
AAAGATATTA 
AATTTAAATA 
TAGAATACTT 
GCATAATAGA 
TT-TATAATTC 
AATTTTTCAT 
AAATAAAAAA 
CTTCAGAAGA 
CAAATATTCA 
AATATAAETT 
ATAAGGATGT: 
ATGTCACATA 
GGACAAAAAA 
AGAATCGGTG 
TATATGACAG 
ATCTGTAACC 
GCTACAAA ; TA 
TATAAATAAA 
AACTCTCACT 



CCTTTCTTTT 
GGIATTTTGT 
TATGGCACAT 
TTTAATTGTA 
C6AAAATTTG 
TCTTCAAATC 
ATATTTTTAA 
TTACAAAGAA 



GGTTATTT1 
AATTAGAC" 
GGTTAATT" 
AACATACG' 
ATAATGAA1 . 
ACGTAAAAGA 
ACCAAGTTGG 
ATATGAAAGG 
TGTGCCTTGC 
TTT-TAGGAAT 
CAAGGCCCAT 
ATGTAAAATT 
CTTACCCTAA 
AACCTAAAAA 
TTGACACTCC 
AAAAAATCAG 
TGTTACAGAG 
TTATTTATTA 
ATCGGCTGAA 
ACTGTTGATG 
CTACAGTTGG 
GGAACACCAC 
ACACACTATT 
TCTATGTTTG 
TATAAAATAG 
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